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In  a  market  economy,  money  functions  as  the  motivator 
(via  the  operation  of  the  profit  system  within  the  con- 
straints of  man's  social  system)  that  determines  what  goods 
and  services  will  be  produced,  who  will  produce  them,  and 
how  they  will  be  produced.   Accounting  is  the  responsible 
communication  subsystem  within  man's  social  system  which 
reports  the  relevant  economic  information  that  is  being 
communicated  by  monetary  transactions  (i.e.  money  flows). 
A  necessary  step  for  this  communication  process  is  the 
determination  of  the  appropriate  measurement  base  to  be  used 
as  the  valuation  coefficient  for  long-lived  productive  re- 
sources.  This  determination  requires  investigation  of  two 
basic  questions.   First,  which  measurement  base  provides  the 
most  useful  data  to  decision-makers?   Extensive  review  of 
previously  completed  work  in  this  area  leads  to  the 
conclusion  that  the  answer  to  this  inquiry  requ i res  additional 
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empirical  investigation  into  the  behavioral  reactions  of 
decision-makers  to  accounting  information. 

Secondly,  how  is  the  selected  measurement  base  to  be 
calculated?   The  primary  purpose  of  this  study  is  to  develop 
and  evaluate  the  use  of  general  energy  system  statistical 
procedures  for  calculating  a  measurement  base  in  terms  of 
current  replacement  cost. 

General  Energy  Systems  Theory 

The  basic  concepts  of  general  energy  systems  theory 
may  be  stated  as  follows: 

1.  All  economic  goods  and  services  are  the  result 
of  some  form  of  work  which  generally  can  be  physically 
measured  and  stated  in  terms  of  energy  equivalent  measure- 
ment units. 

2.  Money  is  paid  for  most  goods  and  services;  there- 
fore, it  may  be  concluded  that  money  circulates  counter  to 
energy.   Accordingly,  money  serves  as  a  feedback  mechanism 
for  communicating  to  producers  the  "form"  of  energy  flow 
desired  by  consumers. 

3.  Any  economic  good  or  service  can  be  measured  in 
terms  of  either  an  "energy  equivalent"  or  a  "currency  based" 
common  measurement  equivalent. 

The  General  Energy  Systems  Ratio  of  Exchange  Model 

The  observed  relationships  between  energy  and  money 
are  utilized  to  formulate  a  model  to  calculate  an  average 


IX 


price  per  unit  of  energy  for  any  specific,  or  any  aggregate 
grouping  of,  economic  good(s).   This  energy  price  may  then 
be  used  to  estimate  the  ratio  of  exchange,  for  the  current 
time  period,  for  any  specified  economic  good(s),  including 
long-lived  productive  resource(s). 

Evaluation  of  the  Model 


The  general  energy  systems  model  is  evaluated  with 
reference  to  the  most  commonly  observed  criticisms  of  earlier 
research  efforts  to  estimate  replacement  cost  by  calculating 
current  ratios  of  exchange.   The  conclusions  resulting  from 
this  evaluation  may  be  summarized  as  follows: 

1.  The  general  energy  systems  model  is  internally 
consistent.   Furthermore,  its  results  are  logically  consis- 
tent with  those  expected  utilizing  currently  accepted  eco- 
nomic price  theory. 

2.  The  energy  systems  model  enables  the  investigator 
to  identify  that  portion  of  any  overall  price  change  for  a 
long-lived  resource  which  is  caused  either  by  changes  in 
productive  efficiency  or  by  changes  in  input  transformation 
efficiency. 

3.  Whether  the  energy  systems  approach  will  provide 
"objective"  estimates  of  current  replacement  cost  is  an  empiri 
cal  question  which  cannot  be  resolved  at  this  time  due  to 
data  limitations. 


Chai rman 


CHAPTER  I 
INTRODUCTION 


In  man's  diverse,  technologically  advanced  social 
system  money  has  evolved  as  the  principal  measurement  unit 
for  expressing  exchange  relationships  between  the  myriad  of 
heterogeneous  goods  and  services  commonly  encountered.   A 
price,  then,  is  the  ratio  of  a  number  of  monetary  units  to 
a  related  quantity  of  some  physical  good  or  service.   There- 
fore, the  price  of  a  good  represents  the  command  which  that 
particular  good  exerts  on  money,  and  indirectly,  the  com- 
mand it  has  on  all  goods  and  services  by  way  of  their 
monetary  prices.   For  example,  if  wheat  sells  for  $4.00  per 
ton  and  corn  for  $3.00  per  ton,  then  ten  tons  of  wheat  can 
be  sold  for  $40,  which  can  be  used  to  buy  13  and  1/3  tons 
of  corn.   Thus,  in  an  exchange  relationship  ten  tons  of 
wheat  will  command  13  and  1/3  tons  of  corn.   Moreover,  as 
supplies  of  the  myriad  of  goods  available  in  an  economy 
change  along  with  changes  in  consumer  preferences,  the  ex- 
change ratios  (prices)  of  all  goods  constantly  change. 

With  reference  to  accounting  purposes,  two  kinds  of 
prices  may  be  identified.   The  most  obvious  may  be  termed 
the  ratio  of  exchange  and  it  is  the  ratio  of  the  amount  of 


money  paid  in  an  actual  economic  transaction  to  the  physi- 
cal quantity  of  economic  goods  received  in  exchange  for  the 
money.'*   Thus,  if  ten  dollars  is  paid  for  two  shirts,  the 
ratio  of  exchange  is  five  dollars  per  shirt.   A  second 
kind  of  price  may  be  referred  to  as  a  valuation  coefficient 
and  is  generally  thought  to  be  less  obvious  than  the  first. ^ 
Valuation  is  the  process  whereby  the  equivalent  in  some 
measure  of  value  is  calculated  for  a  physical  quantity  of 
the  objects  being  valued  regardless  of  whether  these  objects 
are  going  to  be  exchanged.   Thus,  the  valuation  coefficient 
is  the  ratio  between  the  units  of  the  measure  of  value  and 
the  quantity,  expressed  in  some  physical  terms,  of  the 
object  which  is  valued.-^   For  example,  a  shirt  identical  to 
the  ones  referred  to  above,  may  be  valued  at  five  dollars, 
which  is  simply  a  figure  expressing  the  equivalent  of  the 
shirt  in  some  measure  of  value  whether  it  is  exchanged 
or  not. 

Although  exchange  ratios  typically  refer  to  actual 
or  potential  flows  of  exchange  (currency  for  physical  goods 
or  vice  versa)  and  valuation  coefficients  typically  refer 
to  stocks  or  storages  of  physical  objects,  valuation 
coefficients  are  generally  based  in  some  way  or  another  on 
exchange  ratios,  past,  present,  or  future.   Thus,  a  valu- 
ation may  be  made  by  recording  the  original  exchange  ratio 


*References  are  listed  at  the  end  of  the  chapters 


when  the  object  last  participated  in  an  exchange  (when  it 
was  purchased)  and  by  making  some  allowance  for  depreci- 
ation, or  appreciation,  since  that  exchange.   Or  it  may  be 
made  by  observing  the  actual  exchange  ratios  of  similar 
objects  which  are  being  exchanged  at  the  moment.   Or  it  may 
be  made  by  estimating  the  ratio  at  which  the  object  will  be 
exchanged  at  some  future  date. 

Energy,  Economics,  and  Accountin a 


Economics  is  concerned  with  i  nvest  :  :::  ti  ng  the  ex- 
change component  within  man's  social  system.   Therefore, 
economists  are  primarily  concerned  with  analyzing  and  ex- 
plaining the  motivational  and  behavioral  responses  of  pro- 
ducers and  consumers  to  changing  exchange  relationships. 
Moreover,  economic  studies  typically  involve  analysis  of 
what  is  referred  to  in  energy  systems  theory  as  money  feed- 
back loops. '^  All  production  units  and  consumer  units  are 
interconnected  by  these  feedback  loops  as,  in  the  absence 
of  such  a  connecting  feedback,  a  given  unit  will  cease  to 
function  as  a  viable  economic  entity  as  soon  as  its  storages 
of  resources  are  consumed.   That  is,  each  production  unit  is 
also  a  consumer  unit;  likewise,  each  consumer  unit  must  be 
a  production  unit  providing  either  useful  services  or  useful 
goods  to  some  other  unit.   Therefore,  each  unit  of  society 
must  have  an  output  of  something  for  which  money  is  received. 


and  each  unit  then  spends   at  least  a  portion  of  those 
receipts  purchasing  the  resource  inputs  that  it  needs  in 
order  to  continue  to  produce  its  output.   Moreover,  economic 
analysis  has  shown  that  any  producer  unit,  over  the  long 
run,  must  receive  for  its  output  at  least  a  dollar  amount 
equal  to  the  cost  of  the  resource  inputs  needed  to  make  that 
output  or  it  will  eventually  cease  to  function  as  a  viable 
economic  entity. 

Within  this  economic  system  the  function  of  ac- 
counting may  be  stated  as  to  collect,  process,  and  report 
to  outside  parties,  as  well  as  to  management,  information 
concerning  the  currency  flows  of  specific  accounting 
entities.   In  other  words,  the  function  of  the  accounting 
component  within  man's  social  system  is  to  provide  infor- 
mation to  the  individuals  within  the  social  system  who 
operate  the  control  levers  which  direct  work  flows  toward 
useful  ends  for  the  whole  of  society.   Moreover,  the  infor- 
mation provided  should  enable  the  users  of  such  information 
to  make  better  decisions  concerning  their  planning  and 
control  functions  than  if  they  operated  without  the 
information. 


Management  Evaluation  by  Outside  Parties  Using 
Accounting  Data--A  Brief  Description 


When  considering  any  economic  venture,  decision- 
makers balance  that  which  is  expected  to  be  given  against 


that  which  is  expected  to  be  received  and  the  venture  is 
started  only  if  the  latter  appears  to  be  in  excess  u   the 
former.   Since  the  purpose  of  accounting  is  to  furnisii  the 
information  necessary  to  evaluate  past  managerial  judgment 
(via  evaluation  of  the  actual  results  of  current  economic 
activity),  it  appears  that  the  most  relevant  and  useful 
evaluation  method  is  the  association  of  accomplishment 
with  effort.   However,  as  there  are  many  heterogeneous  input 
and  output  goods  available,  each  of  which  provides 
varying  degrees  of  satisfaction,  or  economic  utility,  to 
individual  entities,  some  standard  measuring  unit  must  be 
used.   Thus,  currency  has  evolved  as  the  common  denominator 
for  describing  different  commodities  in  terms  of  a  standard 
measuring  unit  and  the  association  of  giving  with  receiving 
in  accounting  is  accomplished  by  way  of  currency  flows. 
Inflows  of  currency  in  exchange  for  goods  and  services  are 
referred  to  as  revenues  and  are  used  as  a  measure  of 
accomplishment;  outflows  are  called  expenses  (or  costs), 
and  are  used  as  a  measure  of  effort.   Moreover,  an  excess 
of  revenue  over  expenses  (which  is  referred  to  as  income) 
indicates  that  the  goods  and  services  which  management  has 
elected  to  provide  have  proved  acceptable  in  the  market;  an 
excess  of  expenses  over  revenue  (a  loss)  indicates  the  goods 
and  services  provided  are  not  acceptable  at  an  asking  price 
high  enough  to  generate  income.   Because  this  basic 


technique  for  evaluating  the  results  of  economic  activity 
has  existed  for  many  years,  accountants  have  developed  a 
very    refined  set  of  procedures  so  as  to  explicitly  attempt 
to  match  expenses  incurred  against  revenue  earned  (this 
process  is  generally  referred  to  as  accural  accounting). 
Also,  a  financial  statement,  the  income  statement,  has  been 
developed  to  communicate  revenue  and  expense  data.   However, 
when  a  specific  entity's  management  team  is  evaluated  via 
comparison  with  other  management  teams  the  evaluation  pro- 
cedure generally  includes  an  additional  step.   That  is, 
evaluation  is  accomplished  by  relating  the  income  earned 
through  the  efforts  of  each  management  team,  considering 
also  the  capital  (i.e.  the  currency  value  of  all  the  heter- 
ogeneous resources  employed)  required  by  each  to  produce 
the  given  income  (in  other  words,  by  comparing  the  re- 
spective rates  of  return  on  investment).   Thus,  proper 
economic  evaluation  includes  not  only  the  examination  of 
an  entity's  income  statement,  but  also  an  analysis  of  the 
storages  of  productive  resources  utilized  by  the  entity. 
Accordingly,  accountants  have  developed  a  financial  state- 
ment, the  statement  of  financial  position,  which  communi- 
cates information  concerning  the  storages  of  productive 
resources. 


The  ProbTem  Inherent  in  Accounting  for 
Long-Lived  Productive  Resources 


Traditionally,  accounting  has  performed  the  infor- 
mation processing  and  reporting  function  by  matching  valua- 
tion coefficients  for  resource  inputs,  based  on  acquisition 
exchange  ratios,  against  the  revenue  earned  by  utilizing 
these  resource  inputs  in  providing  output.   This  procedure 
results  in  very  few  significant  conceptual  problems  as  long 
as  resource  inputs  are  completely  utilized  within  a  short 
time  after  acquisition.   However,  serious  problems  do  arise 
in  the  situation  where  input  resources  have  a  long  life  in 
the  sense  that  they  aid  in  producing  the  revenues  over  a 
number  of  accounting  time  intervals. 

These  problems  come  about  because  information  users 
require  firms  to  report  the  results  of  financial  transac- 
tions for  abritrary  intervals  of  time  at  the  end  of  which 
there  are  many  incomplete  transactions,  particularly  with 
respect  to  long-lived  productive  resources.   For  instance, 
a  company  purchases  machinery  which  is  used  for  producing 
a  given  product  and  this  machinery  will  be  used  for  ten 
years.   Accounting  conventions  require  the  results  of 
operations  to  be  reported  annually  by  matching  dollar  in- 
flows (revenues)  against  dollar  outflows  (expenses).   How- 
ever, the  outflow  required  to  obtain  the  machinery  cannot 
be  matched  against  the  inflow  for  the  year  of  acquisition 


because  the  inflows  of  future  years  are  affected  by 
utilizing  the  machinery  in  those  years.   Therefore,  the 
accounting  profession  has  adopted  the  conceptual  notion 
that  long-life  productive  resources  represent  bundles  of 
future  services,  some  portion  of  v/hich  is  assumed  to  be 
consumed  during  each  accounting  period  of  its  useful  life. 
This  implicit  recognition  of  an  allocation  problem  raises 
two  difficult  conceptual  questions  with  respect  to  prices. 

First,  given  that  the  objective  is  to  match  ex- 
penses with  revenues,  what  should  be  done  if  the  ratio  of 
exchange  for  services  identical  to  those  purchased  in  one 
time  interval  changes  in  a  future  time  interval?   This 
raises  the  possibility  that  entities  will  match  a  different 
dollar  expense   against  their  revenue  solely  because  they 
purchased  identical  services  at  different  times.   Second, 
how  should  the  bundles  of  remaining  services  be  valued  for 
the  statement  of  financial  position  -  at  historical  cost 
to  reflect  the  acquisition  exchange  ratio  for  the  services, 
at  some  current  value  to  reflect  the  assets  subject  to 
management's  control  at  a  given  point  in  time,  or  by  use  of 
some  other  measurement  base  for  determining  the  appropriate 
valuation  coefficient? 

The  answers  to  these  two  related  questions  indicate 
not  only  the  appropriate  analytical  interpretation  to  be 
given  to  income  statements,  but  also  the  appropriate 


evaluation  to  be  applied  in  analyzing  statements  of  fi- 
nancial position.   This  point  may  be  illustrated  by  consid- 
ering the  following  examples.   First,  consider  the  situation 
where  the  ratio  of  exchange  for  a  given  long-lived  resource 
increases  and  the  price  of  the  output  produced  by  use  of 
this  input  also  rises.   Matching  the  lower  allocated 
original  cost  against  current  revenue  will  give  an  upward 
bias  to  the  excess  of  receipts  over  cost  resulting  from 
operations.   Second,  consider  the  situation  where  the  price 
of  the  input  resource  rises  without  a  compensating  increase 
in  the  price  of  the  output  that  the  resource  is  utilized 
in  producing.   As  there  is  a  normal  relationship  between 
investment  in  a  long-lived  productive  resource  and  the  rate 
of  return  expected  from  its  utilization,  it  may  be  that  it 
is  inadvisable  to  replace  this  productive  resource  as  it 
is  currently  utilized.   However,  this  low  rate  of  return 
on  an  investment  may  not  be  apparent  if  the  lower  original 
cost  is  being  matched  against  current  revenue  and  the 
resulting  net  income  is  being  divided  by  the  original  cost 
in  determining  the  rate  of  return.   Only  by  matching  the 
higher  replacement  (or  reproduction)  cost  against  current 
revenue  and  dividing  the  resulting  operating  income  figure 
by  the  higher  current  cost  will  the  reduced  rate  of  return 
be  reflected  by  the  return  on  investment  computation. 
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In  recognition  of  these  difficulties  a  substantial 
body  of  accounting  literature  has  evolved  consisting  of 
proposed  solutions  and  criticisms  of  these  solutions.   The 
proposed  solutions  include  periodically  determining  the  net 
present  value  for  the  firm  as  a  whole,  determining  the 
current  ratio  of  exchange  for  specific  assets  (either  input 
or  output  exchange  ratio),  adjusting  acquisition  exchange 
ratios  by  either  specific  price  indexes  or  general  price 
indexes,  and  finally  additional  theoretical  justification 
in  support  of  acquisition  exchange  ratios  as  valuation 
coefficients.   None  of  these  alternatvies  to  historical  cost 
have  been  found  acceptable  in  practice,  generally  because 
of  implementation  problems. 

Purpose  of  Research 


A  general  energy  systems  analysis  of  economic  ac-: 
tivity  views  money  payments  as  feedback  loops  to  reward  the 
recipient  of  such  money  payments;  the  reward  being  given  in 
exchange  for  the  economic  goods  and  services  provided. 
These  economic  goods  and  services  are  all  energy  manifesta- 
tions because  any  resource  input,  as  well  as  any  resulting 
output,  is  the  result  of  work  and  work  can  always  be  meas- 
ured in  terms  of  energy  equivalent  units.   Therefore, 
the  price  recei ved  f or  a  1 ong-1 i ved  productive  resource 
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divided  by  the  total  energy  equivalent  of  the  resource 
inputs  needed  to  produce  that  productive  resource  represents 
the  average  price  per  unit  of  energy  used  in  this  particular 
fashion.   In  other  words,  in  the  energy  systems'  analytical 
framework,  an  average  price  per  unit  of  energy  is  determined 
by  relating  money  flows  with  energy  flows  and  it  will  vary 
over  time  in  response  to  either  changing  prices  for  the 
output  resources  or  changing  productive  efficiencies  in 
using  resource  inputs  for  the  production  of  output  re- 
sources.  Prices  for  productive  resources  may  change  because 
of  changes  in  the  demand-supply  conditions  of  either  the 
resource  input  market  or  the  productive  resource  market, 
and  also  because  of  changes  in  the  efficiency  of  the  long- 
lived  productive  resource  itself.   Since  the  average  price 
per  unit  of  energy  is  based  upon  the  market  price  of  the 
long-lived  productive  resources  produced  and  sold  in  the 
current  time  interval,  it  appears  the  general  energy  sys- 
tems' analytical  framework  may  provide  an  acceptable 
methodology  for  estimating  the  current  acquisition  exchange 
ratios  to  be  used  as  valuation  coefficients  for  financial 
accounting.   Therefore,  the  problem  at  hand  is  to  develop 
and  evaluate   an  energy  systems  methodology  for  measuring 
current  ratios  of  exchange  for  long-lived  productive 
resources,  previously  acquired  and  currently  utilized  by  an 
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accounting  entity.   Evaluation  shall  be  accomplished  with 
respect  to  certain  objectives  defined  as  ends- i n-view. 


Methodology 

This  inquiry  will  be  conducted  within  the  philoso- 
phical framework  of  the  scientific  method  as  espoused  by 
Dewey. ^  As  with  all  inquiry,  Dewey's  scientific  method 
begins  with  a  problematic  situation.   A  problematic  situa- 
tion is  a  disequilibrium  condition  within  the  inquirer 
himself  which  results  in  tensions  and  felt  needs.   The 
attempt  to  move  into  an  equilibrium  status  and  thus  relieve 
tension  results  in  inquiry.   Therefore,  "problematic  is  a 
property  of  the  situation  which  includes,  among  other  items, 
the  inquirer  himself--the  process  of  inquiry  results  from  a 
combination  of  undifferentiated  facts:   a  yearning  by  the 
inquirer  for  resolution  of  the  tension  and  the  unidentified 
ability  to  form  hypotheses  and  specify  ends- in-vi ew, "^ 

Dewey  emphasized  that  inquiry  should  always  be 
related  to  reducing  tensions;  therefore,  situations  with 
problematic  content  should  be  expressed  in  terms  of  models 
that  employ  the  means-consequence  format  with  consequences 
being  continuously  related  to  ends- i n-view.*   This  inquiry 


*Ends- i n- vi ew  may  be  described  as  expected  relationships 
which  would  result  in  an  equilibrium  status  being  achieved 
and  tensions  being  reduced. 
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will  express  no  particular  preference  for  a  means- 
consequence  format  for  models.   However,  it  is  felt  that 
the  propositions  being  investigated  should  be  expressed 
in  a  form  that  allows  the  invest   .stor  to  determine  whether 
it  is  true  or  false.*   Like  Dewey,  this  writer  believes 
that  propositions  should  be  continuously  related  to  the 
ends-in-view  necessary  to  resolve  the  problem. 

Since  Dewey's  framework  of  inquiry  takes  on  the 
characteristics  of  the  traditional,  interpreted,  logical 
system,  the  test  of  efficiency  and  truth  employed  in  this 
inquiry  are  precisely  those  employed  to  test  any  hypotheti- 
cal model.   In  addition,  this  inquiry  will  stress  the  unity 
of  the  inquiry  process.   That  is,  no  attempt  will  be  made 
to  partition  the  process  into  induction-deduction. 
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rationalism-empiricism,  and  other  such  classifications. 
Rejection  of  these  classification  schemes  emphasizes  the 
necessity  of  theoretical  verification  by  both  logical 
reasoning  and  empirical  correspondence  between  actual  and 
predicted  outcomes  before  any  conclusions  concerning  a 
proposition's  degree  of  warranted  asserti bi 1 i ty  can  be 
stated.   In  other  words,  it  is  recognized  that  a  scientific 
investigation  by  reasoning,  with  no  experimental  interpreta- 
tion, is  not  sufficient,  and  theory  separated  from  actual 
doing  is  not  realistic.   Accordingly,  this  inquiry  v/ill 
emphasize  the  necessity  of  both  logical  reasoning  and 
empirical  investigation  of  propositions  before  warranted 
conclusions  can  be  stated. 


The  Problematic  Situation 

The  disequilibrium  condition,  the  felt  needs,  and 
the  necessity  for  further  research  have  been  examined  above, 
In  Chapter  II  of  this  inquiry  these  problems  will  be  devel- 
oped in  greater  detail.   Specifically,  the  historical 
evolution  of  current  accounting  practices,  with  particular 
reference  to  the  principal  developments  within  man's  social 
system  which  have  influenced  the  development  of  the  account- 
ing component  of  the  information-communication  subsystem, 
will  be  examined.   The  criticisms  of  using  acquisition  ex- 
change ratios  as  the  measurement  base  for  valuation 
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coefficients  will  also  be  discussed,  including  a  rather 
comprehensive  summary  of  the  debate  between  supporters  of 
the  use  of  acquisition  exchange  ratios  and  the  critics  of 
such  a  measurement  base.   The  inclusion  of  this  background 
information  is  for  the  following  purpose:   (1)  to  provide 
greater  insight  concerning  the  problematic  situation;  (2) 
to  justify  logically  some  of  the  underlying  assumptions 
stated  below;  and  (3)  to  describe  the  conceptual  basis  for 
the  working  propositions  to  be  used  in  evaluating  a  general 
energy  systems  price  model. 


The  Ends- in- View 

The  ends-in-view  refer  to  the  consequences  neces- 
sary in  order  to  reduce  the  tensions  which  have  resulted  in 
the  inquiry.   Therefore,  since  the  energy  systems  price 
model  is  a  proposed  approach  for  measuring  long-lived 
resource  currency  values,  this  writer  feels  it  should  be 
evaluated  in  light  of  the  criticisms  of  previously  proposed 
methods  for  accomplishing  the  same  objective.   In  following 
this  procedure,  it  is  hoped  that  assertions  can  be  stated 
concerning  the  efficiency  or  inefficiency  of  the  energy 
systems  approach  in  resolving  the  valuation  coefficient  con- 
flict within  the  accounting  profession.   Accordingly,  the 
ends-in-view  developed  below  are  based  on  the  criticisms  of 
other  proposed  methods  for  estimating  current  cost  data 
(these  criticisms  will  be  discussed  in  Chapter  II). 
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It  must  be  explicitly  recognized  that  accounting 
operations  are  subject  to  certain  legal  and  moral  restric- 
tions.  For  instance,  accountants  are  expected  to  render 
unbiased  information  to  outside  parties.   Accordingly,  the 
most  frequently  cited  cri teri on  for  eval uati ng  the  accept- 
ability of  a  particular  accounting  measurement  is 
objectivity  (assuming  the  measurement  method  generates 
data  relevant  to  the  user  and  is  capable  of  practical 
implementation).   However,  before  objectivity  can  be 
established  as  a  desired  quality  inherent  in  any  proposed 
measurement  system,  it  must  be  precisely  defined.   "Rather 
than  basing  the  definition  of  objectivity  on  the  existence 
of  objective  factors  that  are  independent  of  persons  who 
perceive  them,  it  is  far  more  realistic  to  define  ob- 
jectivity to  mean  simply  the  consensus  among  a  given  group 
of  observers  or  measurers.  Therefore,  objectivity  is  seen 
to  be  a  function  not  only  of  the  object  being  measured  but 
also  of  the  measurer  and  the  measurement  system  used."^ 
Objectivity,  thus  defined,  exists  only  as  a  matter  of 
degree  in  any  event.   But  examination  of  the  accounting 
literature  reveals  that  if  the  proposed  alternative  measure- 
ment system  involves  either  discounting  future  service 
potential  or  appraisal  values,  there  is  too  wide  of  a 
dispersion  of  the  measurer's  opinions  for  their  consensus 
(where  consensus  is  some  average  of  their  opinions)  to  be 
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considered  objective.   Therefore,  any  proposed  method  for 
estimating  current  cost  must  be  evaluated  by  considering 
the  degree  of  empirical  correspondence  between  the  measures 
generated  by  different  groups  of  observers  applying  that 
same  specific  measurement  method. 

A  second  end-in-view  is  concerned  with  the  question 
of  the  accuracy  of  the  measurement.   Here  the  term  accurate 
refers  to  the  degree  of  empirical  correspondence  between 
a  given  measurement  and  the  ideal  representation  of  the 
measured  attribute  of  an  object.   Obviously,  accountants 
strive  to  obtain  the  most  accurate  measures  possible  within 
time  and  cost  limitations.   The  ideal  measurement  base  for 
long-lived  productive  resources  is  the  net  present  value 
of  future  potential  services.   One  economic  assertion  is 
that  a  market  price  established  in  arms'  length  transactions 
between  competing  parties  best  reflects  an  aggregate 
evaluation  by  purchasers  of  the  present  dollar  value  for  the 
future  benefits  to  be  received  as  a  result  of  owning  the 
resource.*  However,  changes  in  the  prices  of  long-lived 
resources  result  from  many  interacting  factors,  such  as 
changes  in  the  supply  and  demand  for  the  various  resource 


*  The  logical  reasoning  for  this  assertion  is  discussed 
on  Pages  60-51 . 
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inputs  needed  to  produce  the  long-lived  resource  or  for 
the  productive  resource  itself,  changes  in  the  overall 
productive  efficiency  of  the  processes  which  supply  these 
resources,  and  changes  in  the  ability  of  the  productive 
resources  to  perform  their  desired  function.   Thus,  any 
estimation  procedure  must  be  evaluated  in  light  of  how  well 
it  segregates  and  integrates  these  various  related  com- 
ponents of  any  given  price  change  in  determining  the  most 
accurate  estimated  exchange  ratio. 

Thirdly,  the  data  collection  and  processing  pro- 
cedures for  generating  ratio  of  exchange  estimates  must  be 
logically  consistent. 


Research  Constraints 

It  is  realized  by  the  inquirer  that  the  nature  of 
this  research  effort  forces  inquiry  to  proceed  subject  to 
certain  limitations.   These  research  constraints  are  ■ 
identified  as  follows: 

First,  this  inquiry  is  primarily  an  interdisci- 
plinary, exploratory  inquiry  dealing  with  the  development 
of  a  new  system  of  analysis  which  will  provide  greater 
insight  concerning  economic  relationships.   Therefore,  it 
is  probable  that  the  inquiry  will  end  before  any  of  the 
working  hypotheses  attain  warranted  assertibility.   In 
other  words,  the  tentative  hypotheses  are  formulated  for 
the  purpose  of  directing  exploratory  research;  thus,  the 


I.'-' 
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only  contribution  of  this  effort  may  be  to  clarify  concepts 
and  show  the  direction  for  future  research. 

Furthermore,  as  this  inquiry  is  concerned  with  a 
somewhat  recently  developed  methodology,  there  is  a  decided 
lack  of  data  available  for  empirical  testing.   Therefore, 
most  of  the  empirical  testing  may  have  to  be  simulation 
with  hypothetical  data.   The  data  inputs  necessary  for 
operation  of  the  general  energy  systems  price  model  include: 

1.  The  currency  flow  which  would  be  received  by 
all  producers  of  any  specified  long-lived  productive 
resource  during  any  given  time  interval,  assuming  that  all 
output  produced  by  those  producers  during  the  given  time 
period  was  also  sold  during  that  time  interval. 

2.  The  total  quantity  of  resource  inputs--expressed 
in  terms  of  energy  measurement  equi val ents--needed  by  the 
producers  to  manufacture  the  specified  output. 

3.  The  quantity  of  specified  output  produced  with 
the  stated  resource  inputs  during  the  particular  time 

i  nterval . 

4.  The  quantity  of  output  per  unit  of  resource 
input  which  can  be  produced  by  utilizing  the  specified 
productive  resource  in  a  given  production  activity. 

All  of  this  data  is  currently  readily  available 
except  the  energy  flows  for  resource  inputs.   However,  to 
answer  any  doubt  concerning  the  feasibility  of  operational 
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application  of  this  methodology  due  to  lack  of  data,  it 
may  be  noted  that  extensive  research  is  ongoing  at  the 
present  time  by  Bruce  Hannon  of  the  Energy  Research  Group 
at  the  University  of  Illinois,  Resources  for  the  Future, 
Stanford  Research  Institute,  the  State  of  Oregon,  Regional, 
State,  and  Local  Growth  Planning  Agencies,  the  Energy 
Center  at  the  University  of  Florida,  and  many  other  govern- 
mental and  private  research  agencies  to  obtain  the  missing 
data.   While  these  research  efforts  are  primarily  related 
to  determining  where  energy  use  can  be  cut  with  the  least 
economic  pain  in  the  event  of  another  Arab  embargo,  it  is 
precisely  the  same  data  that  is  needed  to  relate  energy 
flows  with  dollar  flows  in  making  a  general  energy  systems 
pricemodeloperational. 

Thirdly,  this  inquiry  is  restricted  to  long-lived 
resources  as  there  has  generally  been  no  substantial  objec- 
tive to  the  use  of  acquisition  cost  as  a  measurement  base 
for  measuring  expenses  other  than  depreciation.   This  may  be 
due  to  the  fact  that  the  expirations  of  service  value  of 
things  such  as  raw  materials,  labor,  insurance,  and  so  on 
are  relatively  close  to  the  time  of  their  acquisition. 


The  Assumptions  of  the  Inquiry 

The  first  underlying  assumption  of  this  inquiry  is 
an  economic  assumption  which  may  be  stated  as  being  composed 
of  two  related  assertions.   The  first  one  states  that 
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productive  resources  have  money  value  only  because  of  the 
future  services  they  are  expected  to  provide.   In  addition, 
the  ratio  of  exchange  for  a  specified  resource  in  a  free 
exchange  marketplace  is  believed  to  represent  a  fair,  aver- 
age aggregate  of  the  opinion  of  all  buyers  and  sellers 
operating  in  that  market  concerning  the  estimated  present 
value  of  those  future  services.   A  corrollary  second 
assertion  states  that  two  resources,  identical  in  all 
respects,  would  command  identical  market  prices  at  a  given 
instant  in  time  in  the  same  marketplace.   This,  in  turn, 
implies  that  two  resources,  identical  in  all  respects  except 
that  one  is  more  efficient  in  the  transformation  of  input 
resources  into  desired  output  than  the  other,  would  com- 
mand different  money  prices  which  would  be  proportional  to 
their  difference  in  efficiency. 

A  second  assumption  is  that  man  performs  work  in 
order  to  supply  goods  and  services  for  himself.   This 
assumption  is  necessary  to  the  construction  of  the  pro-  .- . 
ductive  efficiency  and  relative  input  transformation 
efficiency  indexes  developed  in  Chapter  IV. 

A  third  assumption  is  that  users  of  accounting 
information  desire  financial  statements  based  on  valuation 
coefficients  determined  with  reference  to  a  measurement 
base  other  than  acquisition  exchange  ratios.   In  other 
words,  it  is  assumed  that  the  most  relevant  or  useful 


22 


measurement  base  to  be  used  in  financial  accounting  is  the 
current  period's  reproduction  exchange  ratio  (or  replacement 
exchange  ratio).   This  particular  assumption  is  discussed 
in  detail  in  Chapter  II. 

The  Development  of  the  Energy  Systems  Ratio  of  Exchange  Model 

The  energy  systems  price  model  for  long-lived 
productive  resources  will  be  developed  in  two  steps.   First, 
general  energy  systems  theory  will  be  described  in  Chapter 
III  including  a  discussion  of  ratio  of  exchange  relation- 
ships when  using  an  energy  systems  approach.   In  general, 
the  discussion  of  this  chapter  is  expected  to  provide  the 
underlying  conceptual  framework  necessary  for  relating 
energy  flows  to  money  flows.   Second,  in  Chapter  IV,  the 
energy  systems  concept  (basically  the  relationships  between 
energy  flows  and  money  flows)  developed  in  Chapter  III 
will  be  applied  to  the  specific  problem  at  hand:   develop- 
ment of  an  energy  systems  price  model  for  estimating 
reproduction  or  replacement  ratios  of  exchange  for 
long-lived  productive  resources.   This  model  may  be 
mathmati cal ly  expressed  as  follows: 


q^Pi 


est 


Where:   Pp^t  ~  the  estimated  price  per  unit  of 

input  resource  expressed  in  terms 
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of  constant  quality  energy  heat 

units; 
q.   =  the  quantity  of  output  i  produced 

during  a  given  time  interval; 
p^   =  average  price  per  unit  of  output 

i  during  the  given  time  interval; 
E^.   =  the  energy  equivalents  of  all  the 

resource  inputs  utilized  to  produce 

The  Evaluation  of  the  General  Energy 
Systems  Ratio"  of  Exchange  Estimation  Mo"del 

As  stated  above,  the  purpose  of  this  inquiry  is  two- 
fold:  (1)  to  develop  a  methodology  for  estimating  re- 
placement exchange  ratios  based  on  energy  systems  concepts 
and  (2)  to  provide  a  preliminary  evaluation  of  the  effi- 
ciency of  such  procedures  in  resolving  the  conflict,  among 
accountants,  concerning  long-lived  resource  accounting 
procedures.   Therefore,  in  Chapter  V,  the  general  energy 
systems  model,  developed  in  Chapter  IV,  will  be  evaluated 
by  way  of  the  tentative,  working  hypotheses  stated  below. 
These  general  hypotheses  are  stated  and  discussed  in  greater 
detail  as  follows: 

1.      Thz   conceptual    {,A,ame.Mofik   oi   thz   Qnno^fial    iimKgy 
&L}Attmi,    approach   Ih    logically   con6-c6te.nt.       In  order  to 
become  widely  accepted,  any  theory  must  be  logically 
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consistent,  both  internally  and  with  related  theories  which 
are  accepted.  Accordingly,  the  following  two  subhypotheses 
may  be  stated  with  respect  to  this  first  general  hypothesis: 

a.  The.  g^nz-ial   QMdfiQij   i^ystums   Aat-co    oi    excfiange 
titlmatlon  modzZ  Is   InttAnaLttj   comlstznt. 

b.  TliQ,  A.e.i uLCing   pKlao,   o^f^tlmatzi,    atz  logically 
con-blste,nt  with  thu  Jtatlos    o^    zxc'aangt    nxpucto^d  In  light   o^ 
ca^^^ntly  acco^ptad   economic  ptlca  thQ.ofiy. 

2.      Tht  gznufial   <imn.gy  sy.ste.m6    approach   pfiovldes 
accufiate   estimate.^    oi  the.   cu'iKent  h.e.pn.odactlon    [o^  fie,- 
pla(ie.me.nt]    cost  o {^   a.  specl^le.d  long-llve.d  p/iodactlve. 
fizsoixfice..      One  objection  to  the  use  of  current  market  prices 
for  new  productive  resources  (designed  to  perform  a  similar 
function  that  an  older  resource  is  currently  providing)  as 
a  measure  of  the  current  cost  of  an  older  resource  is  that 
the  newer  style  is  not  the  same  as  the  older.   The  newer 
resource  is  produced  using  current  technology  for  trans- 
forming resource  inputs  into  outputs  and  such  production 
techniques  may  be  different  than  the  technology  existing 
at  the  time  the  older  style  was  produced.   Furthermore,  the 
newer  resource  may  be  more  efficient  in  performing  the 
function  it  is  purchased  to  perform  than  the  older  resource. 
Both  of  these  factors  will  interact  with  all  other  factors 
which  cause  demand  and  supply  to  change  in  determining  the 
market  price  of  the  new  resource.   Therefore,  in  determining 
the  most  accurate  exchange  ratio  which  can  be  used  as  the 
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valuation   coefficient   for  an   older   resource,    it   is   neces- 
sary  to   be   able   to   segregate   that   portion   of   the   difference 
between   the   current  market   price   of   a    nev/er   resource   and 
the   acquisition    price   of   the   older   resource   that    is    caused 
by   the   differences    in    both    the   efficiency   of   producing    the 
resources    and   the   ability   of   the   resources    to    perform   their 
designed    function.      Accordingly,    in   evaluating    the   energy 
system's   measurement   procedures    it    is    necessary   to   examine 
the   following   subhopotheses: 

a.  Tkz   zmfigy  Mji>tzm' i.    approach   pfiovX.dQ,i> 
pAocedaA.e-6    {^ofi  ■idznt^f^yi.ng   and  ■^(LgAe.gat-cng    Q,.i> timatzi>    o {,   that 
po^tZon   0 fi   a   change.  In  tho,  pfii-co,   oi   a  pfLoducttvt  n.<i&oafic.(L 
that  Zi    caaizd   by   changz6   -in  tht   zHtctzncy   o{^   p fio daC'LviQ 
the,  fit^oaKcz. 

b.  T/ie.   2,nQ.h.gy  i>yi>tzm' &    approach  pn.ovidz6 

P'Xc czdafie,^    (^o>i  tdznt-l^ytng    and   ^(ig'tigatZng    zst.lrr\ate,6    OjJ 

tho-i>z  pofit-ioni    ol   a   change.  In  the   pKicc   o{,   a  long-lived 

KCAoixficc  iA)hlch   a^c  the   desalt   o {^    changci    In  the  Input 

tiani)  ^ofimatlon   eUlclency    [I.e.    the  ability   oi   the  Aeioaxce 

to   peh-^O'Xm  the  ta&ki,   It  wa4    designed  and  acqulfied  to 

pefi^ofim)  . . 

■  C.      Theh.e  li>    a   high   degA.ee   oj^    emplfilcal   co^- 

A.e-'^pondence   between  an   enefigy  6y-i>tem6    estimate   o d   the 

ciifin.ent  replacement   coi>t   ioK.  a  long-lived  pfiodactlve 

fie&oaice  and  the   obseA.ved  ratio   o^    exchange   ion.  thl6 

Identical  reicurce  In   a   competitive  market  transaction. 
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3.  The.   Q^YizHQy  i,iji>tzmi    approach    Ion.   ^iitimatlng 
c.u.!tX2.nt  fizplactrndYi-t   oK  fidpn-odudtlon   coi>t   can   6e  made,   opo^h-d- 
tlonal  such  that  the.fid  l6   ^eiaAonabld  statistical   co^'tnla- 
tlon    bztwztn   thz   tstlmatdS    pfiov.ldzd   Q,\jQ.n  itihzvi   dl{^^Q,fiZYit 
Qfioaps    0^    obsii>t\>(L.fis    apply  the.   mtasafiumdyit   pfioco^dafi^s   tn 
QdYizn-atlng    e.stimatzs .      This  general  hypothesis  is 
explicitly  focusing  on  the  objectivity  end-in-view.   In 
reality,  it  is  asking  if  the  energy  system's  method  of 
generating  current  ratios  of  exchange  can  be  made  opera- 
tional in  such  a  fashion  that  all  C.P.A.'s  would  generate 
approximately  the  same  estimates  given  a  specific  fact 
situation.   This  particular  question  is  a  strictly  empirical 
inquiry  which  requires  examination  of  the  dispersion  of 
current  cost  estimates  for  a  specified  resource  when  dif- 
ferent groups  of  C.P.A.'s  are  provided  with  identical 
information  and  told  to  estimate  current  cost  using 
general  energy  systems  procedures. 
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CHAPTER  II 
DETERMINATION  OF  VALUATION  COEFFIC IENTS--A 
CRUCIAL  PROBLEM  FOR  ACCOUNTING 


Before  continuing  with  a  detailed  examination  of 
the  problematic  situation,  it  is  necessary  to  provide  de- 
finitions of  potential  measurement  bases  commonly  encountered 
in  accounting  literature.   Measurement  in  this  inquiry  refers 
to  the  assignment  of  valuation  coeff i ci ents  to  non-homogeneous 
resources  for  the  purpose  of  making  them  additive  by  express- 
ing their  quantities  in  terms  of  a  common  unit  of  measurement. 
The  term  measurement  base  will  be  used  to  refer  to  the 
particular  exchange  ratio  concept  employed  as  the  valuation 
coefficient  necessary  to  the  measurement  process.   It  should 
be  noted  that  this  list  of  measurement  bases  includes  both 
those  which  are  actually  in  use  for  current  financial 
accounting  purposes  and  those  which  have  been  proposed  for 
future  implementation. 

1.   Historic  or  acquisition  cost.   Historical  cost 
represents  the  dollars  used  to  record  the  original  trans- 
action with  outside  persons  or  accounting  entities  in  the 
acquisition  of  economic  resources.   This  is  the  measurement 
base  currently  accepted  in  accounting  practice  with  some 
exceptions  in  specified  situations. 
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2.  Price-level  restateinents  or  stabilized  ac- 
counting.  This  is  historic  cost,  as  defined  above,  restated 
to  eliminate  the  effects  of  general  inflation  or  deflation 
(i.e.  to  express  the  common  denominator  currency  in  units 
of  equivalent  purchasing  power)  on  the  financial  state- 
ments . 

3.  Reproduction  or  replacement  cost.   This  is  the 
cost  in  current  dollars  of  reproducing  an  asset  presently 
held.   The  new  asset  may  be  identical  in  all  respects  to 
the  older  asset  or  it  may  be  similar  only  in  that  it  can  be 
used  for  accomplishing  the  same  purposes  as  the  older  re- 

If. 

source. 

4.  Forced  sales  price.   This  is  the  amount  which 
can  be  obtained  by  selling  a  resource  in  the  firm's 
possession  under  circumstances  such  as  bankruptcy  pro- 
ceedings. 

5.  Current  cash  equivalent.   This  is  the  price 
obtained  in  the  regular  market  place  in  the  normal  course 
of  business  over  a  reasonable  period  of  time.   It  is  some- 
times referred  to  as  the  quoted  market  price  or  the  orderly 
liquidation  value. 

6.  Present  value  of  future  benefits.   This  amount 
is  the  discounted  flow  of  net  cash  benefits  traceable  to 
the  resource.   Generally,  the  net  benefits  are  very   dif- 
ficult to  measure  precisely,  but  in  perfectly  competitive 
markets  the  discounted  present  value  of  net  cash  receipts 
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1s  assumed  to  be  equal  to  the  current  selling  price. 
Furthermore,  reproduction  cost  is  assumed  to  approximate 
the  present  value  of  the  cost  necessary  to  recreate  the 
resource. 


The  Problem  in  Historical  Perspective 

Historical  studies  indicate  that  pre-double  entry 
bookkeeping  evolved  primarily  as  a  means  of  accounting  for 
resources.   "Stewards  kept  accounting  records  not  for  the 
entity's  sake,  but  for  their  own  use  in  order  to  control 
the  resources  for  which  they  were  responsible.   There  was 
no  clear  distinction  between  profits  and  capital  and  thus 
no  tradition  of  precise  income  determination  to  impose  a 
discipline  on  asset  measurement  and  amortization,"   In 
these  historical  periods,  the  manager  of  a  venture  was  in 
most  cases  the  owner  and  debtor-creditor  relationships 
rarely  existed.   Ventures  generally  were  short-lived,  and 
as  such,  management's  judgments  were  subject  to  evaluation 
at  the  end  of  a  given  venture  when  total  liquidation  oc- 
curred. 

As  exchange  relationships  became  more  complex  and 
more  frequent,  merchants  felt  the  need  to  periodically 
summarize  the  results  of  their  trading  performance.   Thus, 
income  calculation  became  a  major  bookkeeping  problem  and 
the  double-entry  system  evolved.   Consequently,  accountants 
developed  a  mechanism  "to  replace  unspecified,  subjective 
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views  of  income  vnth  a  quantitative,  uniform  calculation 

which  made  gross  profit  essentially  the  difference  between 

2 
buying  and  selling  prices."    This  unsophisticated  account- 
ing system  worked  reasonably  well  during  that  period  of 
time  when  most  business  ventures  were  of  a  trading  nature 
and  there  was  not  extensive  separation  of  ownership,  manage- 
ment, creditors,  laborers,  and  customers. 

With  the  advent  of  the  industrial  revolution,  ac- 
counting problems  became  increasingly  complicated  relative 
to  those  encountered  in  a  mercantile,  trading  era.   Manu- 
facturing facilities  required  large  aggregations  of  capital 
which  could  be  acquired  only  by  many  people  pooling  their 
resources  and  this  sometimes  resulted  in  widely  dispersed 
ownership.   Moreover,  these  widely  dispersed  owners  began 
to  show  a  tendency  to  hire  professional  managers  to  operate 
their  businesses.   Furthermore,  the  large  capital  require- 
ments led  to  a  great  deal  of  borrowing  and  lending  activity. 
Thus,  the  need  arose  for  information  which  would  enable 
creditors  to  evaluate  the  security  of  their  loans  and  owners 
to  evaluate  the  ability  of  managers. 

In  addition,  the  need  to  acquire  long-lived  re- 
sources for  manufacturing  operations  encouraged  the  advent 
of  the  corporation  to  insure  operating  continuity.   This, 
in  turn,  further  accentuated  the  need  for  periodic  evalua- 
tions of  managerial  activity  and  business  resources. 
Moreover,  periodic  reckonings  were  legally  required  as  a 
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prelude  to  dividend  payments.   As  stated  by  Littleton, 
"attempts  to  determine  the  income  earned  duri ng  a  particul ar 
period  of  time  for  an    entity  with  an  indefinite  life  natu- 
rally led  to  a  system  of  accrual  and  deferrals.   This  meant 
the  use  of  goods  and  services,  not  merely  their  purchase, 
created  expense;  also  sales  rather  than  cash  collections 
signalled  the  earning  of  income." 

During  the  late  1800's,  a  series  of  court  decisions, 
reinforced  by  statutes,  required  dividends  to  be  declared 
only  from  earnings.   In  response,  accountants  developed   - 
very   detailed  resource  measurement  and  depreciation  methods 
in  order  to  make  the  necessary  distinction  between  capital 
and  income.   Even  so,  income  calculations  still  showed 
little  sophistication,  precision,  or  consistency.   More- 
over as  it  became  accepted  that  the  computation  of  the 
annual  income  available  for  dividends  was  a  primary  ac- 
counting task,  conservatism  became  the  dominant  accounting 
principle  to  which  others  were  subordinated  when  they  came 
into  conflict. 

Systematic  understatement  of  asset  values 
was  thought  necessary  to  offset  managerial 
manipulation  and  to  offer  bankers,  who 
were  the  most  influential  group  of  state- 
ment users,  security  against  inflated  col- 
lateral values.  This  concept  was  strengthened 
by  over  thirty  years  of  steady  price  declines 
following  the  War  Between  the  States. ^ 

During  the  early  twentieth  century,  several  corol- 
lary accounting  principles  evolved  out  of  reference  to 
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conservatism,  the  most  important  of  which  was  the  going 
concern  concept.   "This  concept  implied  an  obligation  to 
maintain  plant  and  equipment  resources  intact  during  a 
company's  indefinite  existence  by  requiring  that  provision 
be  made  for  recovery  of  the  capital  invested  in  the  re- 
sources before  dividends  were  paid."^   Furthermore,  it 
brought  with  it  the  idea  that  long-lived  resources  should 
not  be  revalued  unless  such  changes  reflected  the  exchange 
ratio  to  the  going  concern.   This  made  historical  cost  both 
conservative  (i.e.  the  resource  must  be  worth  to  the  ac- 
counting entity  at  least  what  the  entity  was  willing  to 
pay  for  it)  and  convenient  (i.e.  easy  to  verify  the  origi- 
nal transaction  price).   In  other  words,  "it  became  common 
for  original  exchange  ratios  to  be  defended  in  terms  of 
either  the  historical  nature  of  accounting  or  the  need  for 
conservation  rather  than  in  terms  of  the  need  for  objec- 
tive evidence  of  the  economic  sacrifice  the  entity  has  made 
currently  by  using  productive  resources  for  its  particular 
operations." 

These  concepts  of  conservatism  coupled  with  the 
going  concern  notion*  were  greatly  strengthened   by  the  ap- 
pearance of  the  income  tax  laws.   Since  the  tax  was  on  in- 
come, not  on  wealth,  there  had  to  be  an  objective,  legally 


*Which  resulted  in  long-lived  productive  resources  being 
measured  in  terms  of  original  exchange  ratios  and  these 
historical  costs  being  assigned  to  time  intervals  for  pur- 
poses of  being  matched  against  revenue  in  order  to  determine 
the  accounting  period  income. 
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authorized  v/ay  to  determine  a  year's  income.   "By  defining 
taxable  income  as  the  excess  of  cash  receipts  over  cash  pay- 
ments, these  early  tax  laws  made  it  necessary  to  measure 
income  separately  from  the  capital  which  nenerated  it. 
Therefore,  from  the  first,  a  realization  rule  was  an  integral 
part  of  income  taxation  and  any  increase  in  wealth  had  to  be 
confirmed  by  some  event  or  transaction,  normally  the  receipt 
of  money,  before  profit  was  said  to  exist."'   This  intent 
was  explicitly  made  clear  when  the  courts  defined  taxable  in- 
come as  "not  a  growth  or  increment  of  value  in  the  investment, 

but  a  gain,  a  profit,  something  of  exchangeable  value  pro- 

8 
ceeding  from  the  property,  severed  from  the  capital...." 

Thus,  the  realization  rule  emphasizes  the  disposition  of 
assets  or  their  separation  from  the  firm  in  an  exchange 
transaction  before  changes  in  ratios  of  exchange  may  be  rec- 
ognized and  this  view  remains  the  dominant  one  in  accounting 
and  law  today. 

Court  decisions  in  both  the  dividend  payment  area 
and  the  income  tax  area  supported  the  idea  that  resources 
should  be  valued  based  on  acquisition  exchange  ratios  until 
they  result  in  an  effective  addition  to  the  wealth  of  the 
holder  as  evidenced  by  a  severance  of  gain  from  capital. 
Accountants  gradually  modified  their  concepts  to  coincide 
with  these  legal  concepts  as  the  "legal  notions  were  somewhat 
supported  by  the  doctrine  of  conservatism  coupled  with  an 
incomplete  going  concern  concept."    This  modification  was 
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greatly  hastened  by  the  severe  inflation  of  the  1920's  being 
followed  by  severe  deflation,  resulting  from  economic  col- 
lapse, in  the  1930's.   The  overall  effect  of  such  an 
economic  climate  was  to  give  rise  to  the  conclusion  that 
currency  exchange  ratios  for  resources  "have  no  more  real 
tangibility  than  the  thinnest  of  thin  air... thus  the  chief 
functions  of  the  accountant  must  relate  to  past  transac- 
tions or  current  binding  contracts  and  other  factors  must 
be  kept  to  a  minimum. "-^^   In  other  words,  "every  fact  re- 
corded in  the  financial  statements  must  have  resulted  from 
accomplished  financial  transactions  modified  by  an  attempt 
to  assign  to  proper  time  intervals  all  revenue  and  ex- 
penses . " 

However,  some  accounting  theorists  took  issue  with 
this  conclusion  and  accepted  the  economist's  concepts  of  in- 
come and  resource  valuation  coefficients.   For  instance, 

John  Canning  proposed  a  theory  of  resource  measurement  ; 

transplanted  from  economics  and  contended  that  the  proper 
valuation  coefficient  of  any  resource  should  be  based  on 
the  present  value  of  expected  benefits. ^^   Furthermore, 
changes  in  valuation  coefficients  (resulting  from  changes 
in  expected  future  benefits)  affect  income  and  this  effect 
should  be  recognized  in  the  accounts  as  soon  as  reliable 
estimates  can  be  obtained.   "This  view  of  resource  measure- 
ment and  income  determination  has  proved  more  theoretically 
defensible  and  consistent  than  that  of  the  traditional 
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accountant  as  evidenced  by  the  fact  that  accounting 
theorists  since  the  1950's  have  tried  to  reconcile  economic 
and  accounting  concepts  in  order  to  give  accounting  a  sound 
conceptual  basis  and  make  accounting  techniques  consistent 
with  what  is  now  considered  good  theory.'     In  the  overall 
picture,  these  efforts  have  not  received  a  very  warm  recep- 
tion, even  though  major  disagreement  concerning  resource 
management  and  income  determination  have  continued  to  plague 
the  accounting  profession. 

The  accountant's  professional  relationship  to  his 
client  and  the  public  may  be  one  of  the  most  significant 
reasons  why  accounting  practice  has  not  evolved  consistent 
with  economic  theory. 

Not  being  as  vulnerable  to  third  party 
liability  the  economist  is  less  inclined 
to  seek  protection  in  such  doctrines  as 
objectivity  and  conservatism.   Accordingly, 
the  greatest  difference  between  the  ac- 
counting and  economic  approaches  in  this 
area  is  the  economist's  willingness  to 
recognize  the  effects  of  inflation,  holding 
gains  and  losses,  increments  to  goodwill, 
and  other  exchange  ratio  changes  as  they 
accrue.   He  would  insist  on  measuring  a 
person's  "wel 1 -of fness "  at  the  moment  when 
exchange  ratios  change,  not  at  the  time  of 
an  external  transaction  which  provides 
undisputable  evidence  of  a  change. 14 


Currently  Accepted  Accounting  Procedures  for 

Recording  and  Reporting  Transactions  Dealing 

with  Long-Lived  Resources--A  Brief  Summary 


Examination  of  some  of  the  currently  accepted 
accounting  procedures  with  respect  to  long-lived  productive 
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resources  provides  some  evidence  which  indicates  the  over- 
whelming influence  that  legal  considerations  (which  have 
evolved  in  the  dividend  payment  area,  the  income  tax  area, 
and  the  third  party  legal  liability  area  as  discussed  above) 
have  exerted  over  the  development  of  the  theoretical  founda- 
tion of  accounting. 

The  principal  valuation  coefficient  in  accounting 
is  the  acquisition  exchange  ratio  (or  historic  cost)  which 
is  the  original  money  (or  money  equivalent)  investment 
necessary  to  acquire  resources  in  market  transactions.   How- 
ever, there  are  some  exceptions  to  this  rule  such  as  lower 
of  cost  or  market  for  both  inventories  and  temporary  invest- 
ments.  Also,  there  are  distortions  of  this  cost  concept 
which  result  in  either  the  income  statement  or  the  state- 
ment of  financial  position  being  made  more  accurate  at  the 
expense  of  the  other--one  example  is  an  inventory  flow 
assumption  such  as  LIFO  versus  FIFO.   Moreover,  there  is 
implicit  acknowledgement  of  changes  in  valuation  coeffi- 
cients from  acquisition  exchange  ratios  without  the  formal 
recording  of  the  changes  through  the  use  of  footnotes  and 
parenthetical  comments  to  financial  statements,  as  well  as 
management  comments  concerning  the  entity  and  its  opera- 
tions. 

Gains  (from  holding  resources)  are  generally 
recognized  and  reported  only  to  the  extent  that  they  are 
realized  in  market  transactions,  but  losses  are  sometimes 
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anticipated  by  writing  down  resource  valuation  coefficients 
before  disposition.   Furthermore,  the  actual  gains  and 
losses  realized  on  the  disposition  of  long-lived  productive 
resources  are  generally  reported  in  a  different  manner  from 
ordinary  sales  of  product  or  service  because  the  amounts 
realized  and  reported  in  the  time  period  of  disposition  may 
include  exchange  ratio  changes  that  have  occurred  in  a  prior 
period  or  periods. 

Criticisms  of  Current  Practice 


Criticism  of  current  accounting  practice  with  respect 
to  long-lived  resources  generally  is  concerned  with  the 
determination  of  their  proper  measurement  base.   Moreover, 
this  particular  controversy  has  implications  for  both  the 
statement  of  financial  position  and  the  income  statement. 
Briefly  stated,  the  statement  of  financial  position  attempts 
to  convey  information  to  statement  readers  concerning  the 
stocks  or  storages  of  various  resources  controlled  by 
management  at  a  given  instant  of  time  (these  quantities 
being  measured  in  terms  of  a  common  unit  of  measure-- 
dollars),  as  well  as  the  claims  (in  terms  of  debt  or  equity) 
against  these  resources.   Since  the  heterogeneous  physical 
resources  are  expressed  and  combined  in  terms  of  currency 
units,  the  resulting  dollar  totals  indicate  resource 
storages  only  indirectly  by  virtue  of  the  fact  that  the 
expressed  dollar  totals  represent  command  on  all  goods  and 


39 


services  by  v/ay  of  the  price  mechanism.   However,  as  the 
acquisition  exchange  ratios  for  resources  are  continually 
changing,  a  sum  of  measurements  based  on  acquisition  exchange 
ratios,  each  from  a  different  instant  in  time,  conveys  in- 
accurate information  converning  the  valuation  equivalents 
of  the  resources  available  to  management  at  a  specific  point 
in  time.   The  only  solution  which  would  both  correct  the 
inaccuracy  and  allow  resources  to  continue  to  be  measured 
in  terms  of  currency  is  to  determine  the  valuation  coeffi- 
cients for  all  resources  in  terms  of  the  exchange  ratios 
prevailing  at  the  same  instant  in  time.   In  other  words, 
the  exchange  ratios  to  be  used  as  valuation  coefficients  for 
measuring  the  resources  owned  must  not  be  out  of  time 
relationship  with  one  another. 

The  income  statement  attempts  to  convey  information 
concerning  the  results  of  operations  for  a  specified  time 
interval.   The  utilization  of  a  long-lived  productive 
resource  is  reflected  in  the  net  income  computation  by  way 
of  the  depreciation  charge.   Depreciation  is  an  explicit 
recognition  that  a  time  will  come  when  it  will  no  longer 
be  worthwhile  to  utilize  a  unit  of  an  entity's  long-lived 
productive  resources.   The  unit  may  be  no  longer  useful  to 
the  owner  because  of  the  physical  deterioration  of  the  unit, 
because  of  a  change  in  demand  for  the  output  of  a  facility, 
or  because  a  technical  improvement  of  one  kind  or  another 
has  made  the  unit  obsolete.   But  the  fact  remains  that  the 
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services  of  long-lived  productive  resources  are  almost 

always  eventually  consumed.   Depreciation  accounting  then 

is  the  effort  to  charge  the  cost  of  such  servi ces--l i ke 

other  applicable  expenses--to  the  revenues  earned  during  a 

given  accounting  period  in  a  systematic,  equitable  manner. 

In  other  words,  there  are  two  independent 
aspects  of  the  cost  allocations  arising 
from  depreciation.   The  first  is  the  timing 
of  the  cost  recoveries  which  refers  to  their 
distribution  among  accounting  periods  and  is 
a  function  of  the  depreciation  method  employed 
(straight-line,  and  so  on).   The  second  is 
the  total  dollar  amount  allocated  which  is  a 
function  of  the  choice  of  measurement  base 
(historical  dollar  cost,  replacement  cost, 
and  so  on).   And  neither  of  these  is  related 
to  a  third  aspect  which  is  the  estimate  of 
a  resource's  useful  life.^S 

Applying  the  currently  accepted  accounting  pro- 
cedures for  associating  effort  with  accomplishment  in  ac- 
counting for  long-lived  productive  resources  results  in  a 
measurement  rule  which  requires  the  cost  associated  with  the 
utilization  of  these  resources  to  be  determined  by  allocating 
the  original  monetary  cost  to  accounting  time  periods.   How- 
ever, the  ratios  of  exchange  for  all  the  stored  resources 
change  over  time;  thus,  the  accounting  assumption  that  costs 
somehow  attach  like  barnacles  to  various  long-lived  resources 
obscures  the  association  of  sacrifice  and  benefit  that  is 
considered  relevant  for  proper  decisions  and  actions.   For 
example,  if  the  replacement  cost  of  a  resource  has  risen 
since  the  time  of  its  acquisition,  the  amount  allocated 
certainly  does  not  represent  the  current  cost  of  resource 
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utilization.   Income  determined  by  using  such  a  measurement 
basis  may  not  properly  communicate  the  change  in  economic 
position  resulting  from  operations  since  it  is  determined  by 
matching  revenue  based  on  current  sales  prices  with  cost 
based  on  past  period  prices.   Thus,  conventional  accounting 
treats  the  effects  of  price  changes  for  long-lived  productive 
resources  as  though  they  were  a  component  of  operating  pro- 
fits or  losses  which  they  are  not.   Expressed  another  way, 
with  current  accounting  procedures,  income  arises  from  two 
related,  but  to  some  extent  independent,  sources:  (a)  the 
margin  between  the  actual  selling  price  for  the  output  and 
the  current  acquisition  of  the  input  resources  needed  to 
produce  the  output;  and  (b)  the  so-called  gain  or  loss 
arising  from  a  change  in  the  price  of  input  factors  between 
the  time  of  their  acquisition  and  the  time  of  sale  of  the 
output  produced  by  utilizing  these  inputs.*  The  first 
source  is  considered  an  operating  result  over  which 
management  can  exert  considerable  influence.   The  second  is 
considered  a  holding  result  over  which  management  can 
probably  exert  little,  if  any,  control,  although,  it  may  be 


*This  second  source  is  generally  referred  to  as  a  holding 
gain  or  loss.   Expressed  another  way,  holding  gains  and 
losses  represent  changes,  over  a  time  period,  in  exchange 
ratios  of  resources  and  liabilities  held  during  that 
period.   This  concept  implies  that  a  base  amount  can  be 
compared  with  an  adjusted  exchange  ratio  either  at  the 
end  of  the  period  or  during  the  period,  if  disposal  takes 
place,  in  order  to  measure  a  change  in  value. 
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said,  management  should  anticipate  such  price  changes.   In 
any  event,  it  appears  inappropriate  to  combine  these  two 
sources  into  one  operating  figure  as  is  now  done.   It  is 
felt  that  more  meaningful  accounting  information  can  be  com- 
municated if  these  two  sources  are  segregated  and  analyzed 
separately. 

For  over  fifty  years  debate  has  continued  between 
steadfast  defenders  of  acquisition  exchange  ratios  as 
valuation  coefficients  and  equally  adamant  advocates  of  the 
use  of  some  current  cost  concept.   In  general,  the  arguments 
have  centered  on  whether  the  above  described  distortions  of 
accounting  information  are  significant  enough  for  concern. 
In  other  words,  the  accounting  problem  being  debated  seems 
to  be  concerned  with  a  single  question:   should  the  valua- 
tion coefficients  reflect  current  exchange  ratios  (as 
opposed  to  acquisition  exchange  ratios)  in  light  of  the  fact 
that  such  a  procedure  would  require  explicit  recognition 
both  in  the  accoiints  and  in  financial  reports  of  changes  in 
ratios  of  exchange  without  the  tangible  evidence  of  a 
specific  market  transaction?   In  dealing  with  this  question, 
there  appear  to  be  two  areas  of  critical  concern:  should 
valuation  coefficients,  based  upon  current  acquisition  ex- 
change ratios,  and  the  resulting  holding  gains  and  losses 
be  recognized  in  the  accounts  and  reported  in  the  financial 
statements;  and  how  should  current  acquisition  exchange 
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ratios  be  measured?  The  arguments  of  both  sides  of  the  de- 
bate win  be  presented  in  the  following  sections. 

'^gcogni  t  ion  and  Reportin^q_  of  Current  Acquisition 
■Exch.  :!ge  Ratios  Including  the  A s s o^cj^ajted_ 
Holding  Gains  and  Losses 

The  debate  concerning  the  recognition  and  reporting 
of  acquisition  exchange  ratios  has  generally  centered  around 
the  following  briefly  summarized  points: 

1.   Some  accountants  feel  that  "the  cure  is  worse 
than  the  ailment  as  current  costs  are  not  objective .  "^ ^ 
That  is,  historical  cost  is  relatively  easier  to  objec- 
tively verify  than  current  cost;  "the  fact  that  current 
cost,  in  some  instances,  is  very  difficult  to  ascertain  is 
perhaps  the  greatest  objection  most  accountants  have  to 
it."    This  objection  to  current  cost  clearly  illustrates 
the  influence  of  potential  third  party  legal  liability 
over  accounting.   It  is  feared  that  the  use  of  exchange 
ratios  which  are  not  absolutely  verifiable  will  open  the 
door  for  manipulation  and  charges  of  collusion.   Advocates 
of  a  change  to  current  cost  counter  this  objection  by 
stating  "even  historical  cost  is  only  a  tentative  figure... 
accounting  deals  largely  with  judgments  and  estimates,  not 

with  certainty.   Values  are  always  more  or  less  conjectural 

1  8 
and  unstable."    Furthermore,  it  is  asserted  that  periodic 

income  measurement  under  the  best  of  conditions  is  no  more 
than  a  good  guess: 
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The  argument  that  recognizing  appreciation 
would  call  for  recording  unrealized  profits 
is  not  correct,  since  all  accruals  are 
based  on  the  unrealized  transactions  in  the 
same  sense.   Furthermore,  appreciation  can 
in  many  instances  be  estimated  more  accu- 
rately than  depreciation  or  decline  in 
value  due  to  deterioration  or  handling. 

2.   It  is  stated  that  the  same  problems  for  alloca- 
tion of  cost  to  accounting  periods  remain.   For  instance, 
is  depreciation  to  be  determined 

a.  By  overall  industry  experience? 

b.  By  traditional  straight-line  method  as 
applied  to  production  units  or  time  periods  bolstered  by 
engineering  estimates  of  the  total  remaining  service  poten- 
tial as  reestimated  periodically? 

c.  By  any  of  several  practices  permitted  by 
the  income  tax  laws  or  government  regulatory  bodies? 

Advocates  of  current  cost  would  properly  respond  that  this 
objection  has  nothing  whatsoever  to  do  with  the  problem  at 
hand.   The  problem  of  allocation  of  service  potential  to  ac- 
counting periods  must  be  equally  as  difficult,  and  somewhat 
abritrary,  regardless  of  which-  measurement  base  is  used.   In 
other  words,  it  is  a  problem  independent  of  the  measurement 
basequestion. 

3.   Defenders  of  historical  cost  also  object  to  cur- 
rent cost  on  the  grounds  that  historical  cost  more  clearly 
results  in  the  purposes  of  accounting  being  fulfilled.   One 
point  frequently  noted  is  that  accounting  records  should  be 
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maintained  in  such  a  manner  that  income  which  is  legally 
available  for  dividends  is  reflected.   If  this  purpose  is 
accepted  accountants  are  forced  to  adopt  the  legal  notion  of 
realization  and  its  corollary  principle  that  the  measurement 
base  shall  not  be  changed  from  the  acquisition  exchange 
ratio  (except  to  reflect  loss  of  service  potential)  until 
such  time  as  an  exchange  transaction  with  an  outside  party 
occurs.   Accountants  must  accept  this  result  because  court 
decisions  and  statutes  have  generally  forbid  cash  dividends 
to  be  paid  out  of  retained  earnings  arising  from  either 
unrealized  appreciation  in  the  value  or  the  revaluation  of 
long-lived  resources.   The  obvious  response  to  this  objec- 
tion is  that  computation  of  legal  dividend  income  based  on 
acquisition  exchange  ratios  can  be  accomplished  concurrently 
with  the  computation  of  financial  income  based  on  current 
exchange  ratios  similar  to  what  is  now  done  for  income  tax 
purposes. 

4.   Some  accountants  feel  that  the  use  of  acquisi- 
tion exchange  ratios  is  so  bound  up  with  the  evolution  of 
double-entry  bookkeeping  that  radical  departures  from  it, 
such  as  current  costing,  could  threaten  an  integration  of 
real  and  nominal  accounts.   And  this  integration  is  felt  to 
be  far  more  important  than  the  particular  valuation  coeffi- 
cients which  are  being  related  to  individual  resources  and 
liabilities.   In  other  words,  historical  cost  is  the  only 
measurement  base  which  requires,. as  an  integral  part  of  its 
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measurement  procedure,  that  every    actual  change  in  the  dollar 
amounts  associated  with  resources  of  an  entity  be  recorded 
by  relating  inputs  and  outputs.   This  relating  of  inputs  and 
outputs  is  necessary  so  that  original  cost  can  be  traced  and 
identified;  thus,  it  is  an  automatic  control  feature  which 
may  be  missing  with  current  cost.   These  accountants 
generally  feel  footnotes  and  parenthetical  notations  are 
an  effective  means  of  providing  information  concerning 
exchange  ratios  differing  from  acquisition  cost.   The 
response  to  this  objection  is  to  ask  the  question:   are 
accountants  willing  to  sacrifice  the  accuracy  of  currency 
measurements  for  resources  and  be  content  to  present  rather 
artificial  amounts  in  financial  statements,  despite  the  con- 
ceptual problems  associated  with  justifying  inconsistent 
theory,  in  order  to  mathematically  tie  the  income  statement 
to  the  balance  sheet? 

5.   It  is  noted  that  historical  cost  provides  the 
background  of  the  story  of  the  way  in  which  management  has 
functioned  by  reflecting  only  actual  transactions.   More- 
over, "a  primary  objective  of  accounting  is  the  protection 
of  resources  (stewardship)  and  this  means  the  primary 
concern  is  with  the  allocation  of  real  and  actual  cost  to 
accounting  periods  and  output,  and  by  no  stretch  of  the 
imagination  can  current  cost  be  relevant  to  such  a  process. "^^ 
A  current  cost  advocate  would  respond  to  such  an  objection 
by  stating  that  in  large  businesses  the  profitable  use  of 
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resources  1s  more  Important  than  either  their  physical 
protection  or  a  history  of  their  acquisition.   And  for 
financial  statements  to  provide  relevant  data  about  a  firm 
whose  ownership  interests  are  constantly  changing  hands 
requires  the  fairest  and  most  objective  possible  presenta- 
tion of  current  financial  events.   Furthermore,  if  there  are 
such  things  as  real  and  actual  cost  of  production,  they  must 
surely  be  the  cost  in  the  current  competitive  situation. 
The  exchange  ratio  paid  for  a  resource  at  some  time  in  the 
past  certainly  has  no  current  economic  significance  except 
possibly  for  evaluating  management's  stewardship.   Thus,  if 
one  of  the  objectives  of  accounting  is  to  record  and  report 
accurate  information  with  respect  to  present  financial 
condition,  then  it  follows  that  accountants  should  adopt  a 
measurement  base  which  furnishes  current  and  up-to-date 
information. 

6.   In  any  list  of  objections  to  current  cost  the 
concept  of  conservatism  arises.   Simply  stated,  this 
principle  implies  that  no  profits  should  be  anticipated, 
but  all  losses  should  be  provided  for.   This  notion  appears 
to  be  a  carryover  from  the  early  days  of  accounting  when 
stewardship  was  the  prime  bookkeeping  motive  and  most 
business  ventures  were  short-lived.   As  stated  by 
Chatfield:  ' 

In  this  setting,  where  the  main  account- 
ing responsibility  was  protection  of 
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Thus,  conservatism  strengthens  objections 
to  departures  from  acquisition  exchange 
ratios  in  order  to  discourage  manipulation 
for  smoothing  income  and  creating  secret 
reserves . 21 

Current  cost  supporters  respond  to  the  conservatism 
objection  by  pointing  out  that  it  is  important  not  to  con- 
fuse conservatism  with  downright  understatement  when 
passing  judgment  as  to  which  procedure  is  the  most  advisable 

7,   Some  advocates  of  current  cost  have  justified 
their  position  in  light  of  rampant  inflation  (which  has  been 
characteristic  of  the  world  economy  since  1946)  on  the 
grounds  that  steady  increases  in  prices  have  the  effect  of 
impairing  stockholder's  equity  and  encouraging  the  creation 
of  secret  reserves.   Defenders  of  historical  cost  have 
interpreted  this  to  mean  that  demand  for  current  cost  is 
based  on  the  premise  that  it  is  not  only  the  duty  of 
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management  to  keep  intact  original  investment  in  dollars 
by  allocating  historical  cost  to  expense  as  the  resource  is 
physically  utilized,  but  it  must  also  maintain  the  real  capi 
tal  invested,  measured  in  terms  of  productive  capacity  and 
present  price  level,  so  that  there  will  be  sufficient  re- 
covery of  dollar  cost  to  allow  full  replacement  of  pro- 
ductive capacity  in  the  future.   This  conclusion  raises  all 
sorts  of  problems  with  respect  to  current  cost. 

First,  it  is  argued  that  the  cost  of  using  long- 
lived  resources  has  little  significance  in  the  policy  for 
pricing  a  firm's  output.   That  is,  selling  prices  are  not 
determined  by  the  addition  of  a  profit  percentage  to  cost 
(except  possibly  in  the  case  of  a  regulated  industry).   In 
other  words,  it  is  being  noted  that  demand  is  an  im- 
portant element  in  the  determination  of  selling  prices  since 
all  companies  must  compete  for  the  consumer's  dollar,  regard- 
less of  how  high  their  cost  may  be.   Supporters  of  current 
cost  will  agree  that  cost  increases  do  not  always  lead  to 
higher  sales  prices  of  output  as  the  cost  of  an  activity 
does  not  give  it  value,  rather,  it  is  the  value  of  the 
results  of  the  activity  that  justifies  the  incurrence  of 
costs.   However,  "one  cannot  deny  that  in  a  highly  com- 
petitive industry  a  large  proportion  of  the  losses  is  due 
to  the  failure  to  keep  dependable  cost."^^  A  firm  whose 
"management  is  ignorant  of  its  actual  cost  is  a  dangerous 
competitor  only  until  the  firm  has  lost  a  considerable 
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portion  of  Us  capital  through  pricing  below  cost."^^  Fur- 
thermore, advocates  of  current  cost  do  not  completely  agree 
that  cost  does  not  influence  selling  prices.   They  agree 
such  may  be  true  in  the  short  run  under  conditions  where  the 
size  of  facilities  cannot  be  easily  altered  and  demand 
conditions  are  expected  to  be  the  most  important  variable 
influencing  the  selling  price  of  output.   However,  this  is 
not  true  if  the  time  interval  is  sufficiently  long  for  quan- 
tity of  output  to  be  altered.   Therefore,  to  say  cost  has 
little  influence  on  price  is  to  confuse  short  period  analy- 
sis with  long  period  analysis.   Moreover,  insofar  as  there 
is  any  relationship  between  selling  prices  and  cost  of  long- 
lived  resources,  it  tends  to  be  between  selling  prices  and 
current  cost  (because  these  would  be  the  cost  incurred 
either  by  new  producers  entering  the  industry  or  by  the  old 
producers  who  are  replacing  facilities).   In  other  words, 
the  conclusion  is  reached  that  it  is  only  by  "considering 
current  cost  that  decision-makers  are  able  to  proceed  in- 
telligently in  making  long-run  decisions  as  to  which  products 
should  be  concentrated  upon  and  which  methods  and  processes 
of  production  should  be  followed. "^^ 

Secondly,  defenders  of  acquisition  exchange  ratios 
argue  that  a  firm  may  not  wish  to  produce  the  same  output 
or  use  the  same  resources  in  the  future,  thus,  there  is  no 
need  to  provide  for  replacement.   Supporters  of  current  cost 
concepts  would  also  realize  that  on  many  occasions  the 
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current  "use  value"  of  resources  to  the  accounting  entity 
which  owns  them  may  be  lower  than  the  current  replacement 
cost*  and  that  if  such  a  condition  continues  the  productive 
resources  will  not  be  replaced  at  the  end  of  their  useful 
lives.   In  other  words,  the  current  replacement  cost  does 
not  necessarily  represent  the  value  of  resources  to  the 
going  concern  unless  the  entity  is  continuing  to  acquire 
such  resources  at  current  cost.   However,  the  question  of 
importance  to  the  accountant  is  how  to  measure  the  costs  of 
producing  the  output  that  is  actually  being  produced  cur- 
rently.  In  other  words,  in  providing  informati on  concerning 
the  present  use  of  resources  the  only  relevant  amounts  are 
the  costs  today  of  producing  the  output  actually  being  pro- 
duced; "to  say  that  the  firm  may  produce  different  output-- 
or  the  same  output  di f f erently-- in  the  future  raises  ques- 
tions concerning  the  reorientation  of  the  business  objectives 
of  the  firm  which  are  not  rel  ated  to  the  topi  c  of  i  nqui  ry  here."^^ 

Thirdly,  it  is  pointed  out  that  full  recovery  of 
replacement  cost  would  require  a  knowledge  of  what  a 
resource  will  cost  at  the  time  of  its  replacement,  and  this 
is  certainly  a  matter  of  speculation.   Current  cost 


*According  to  economic  theory  when  value  exceeds  current  re- 
production cost  under  conditions  of  perfect  competition  addi- 
tional units  will  be  built.   The  output  of  additional  supply 
reduces  the  net  return  of  all  units  (value  declines)  and  the 
cost  of  producing  additional  units  may  rise.   These  two  in- 
fluences will  continue  until  value  equals  reproduction  cost. 
If  reproduction  cost  exceeds  value  similar  adjustments  in 
the  opposite  direction  take  place.   However,  there  may  be 
sustained  transition  periods  when  there  is  a  divergence 
between  the  two. 
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advocates  respond  by  noting  that  adequate  funds  for 
replacement  of  physical  resources  will  not  be  a  n'.aranteed 
result  of  using  current  acquisition  exchange  raL.os  as 
valuation  coefficients.   For  example,  if  prices  are  in  a 
long-term  upswing  the  sum  of  each  year's  current  cost  over 
the  life  of  a  long-lived  resource  will  not  equal  the  cost 
of  replacement  in  the  last  accounting  period  the  resource 
is  used. 

Finally,  it  is  noted  that  the  function  of  account- 
ing is  to  allocate  the  cost  of  resources  as  equitably  as 
possible  against  the  revenue  produced  by  utilizing  these 
resources  and  this  problem  is  quite  different  from  the 
problem  of  financing  the  replacement  of  resources.   In 
response,  it  is  stated  that  most  current  cost  supporters 
do  not  advocate  maintenance  of  real  capital  as  an  end 
itself.   Rather,  it  is  noted  that  business  prudence  requires 
accounting  methods  which  report  cost  and  profits  as  accu- 
rately as  may  be  determined  given  the  practical  constraint 
of  the  cost  of  information  versus  the  benefit  from  having 
it.   But  the  methods  of  providing  accurate  accounting  data 
will  not  necessarily  treat  related  problems  as  separate  and 
distinct.   In  other  words,  the  fact  current  costing  may  have 
financing  implications  should  not  detract  from  its  usfelness 
in  helping  to  solve  financial  reporting  problems. 

8.   Perhaps  the  strongest  conceptual  objection  to 
current  cost  is  found  in  the  notion  of  relevance.   Simply 
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stated,  the  area  of  concern  is  why  it  is  necessary  to  give 
up  "objectivity"  in  external  reporting  for  relevance  and 
accuracy  when  accountants  do  not  seem  to  know  what  infor- 
mation statement  users  think  is  relevant  for  their  evalua- 
tions.  However,  the  response  to  this  criticism  by  current 
cost  advocates  represents  the  strongest  conceptual  case 
for  a  current  cost  measurement  base.  This  response  can  be 
summarized  as  follows: 

a.   Current  cost  represents  an  estimate  of  the 
amount  it  would  cost  today  to  obtain  the  same  or  equivalent 
bundle  of  services;  therefore,  it  "represents  the  best 
measure  of  the  current  economic  sacrifice  incurred  by  the 
firm  when  the  resources  inputs  are  utilized  in  earning  the 
current  revenue. "^^  Moreover,  as  all  the  costs  would  be 
computed  on  the  basis  of  current  economic  exchange  ratios, 
the  "matching  of  current  revenue  with  current  costs  will 
be  more  meaningful  because  the  decisions  formulated  there- 
from would  be  made  on  the  basis  of  present  economic  data 
rather  than  past  data."^'^ 

b.   The  activities  of  an  entity  can  be  segregated 
into  two  basic  parts--operating  and  holding.   Operating  re- 
sults stem  from  the  sale  of  goods  and  services  and  may  be 
defined  as  the  difference  between  the  selling  prices  of  the 
output  and  the  cost  of  producing  the  output,  both  measured 
In  current  dollars.   The  results  of  holding  activities  come 
about  because  of  changes  in  the  exchange  ratios  of  resources 
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which  are  the  inputs  needed  to  produce  a  particular  output. 
As  currently  reported,  business  income  may  be  composed  of 
both  of  these  elements,  although  the  primary  objective  of 
most  ventures  is  to  sell  a  product  or  service  and  make  a 
prof  it  while  doing  so.   As  income  from  holding  activity 
is  apt  to  be  fortiutous  and  unpredictable  (because  it  comes 
about  by  factors  largely  beyond  managerial  control  such  as 
general  price  level  movements,  changes  in  exchange  ratios 
resulting  from  technological  advances,  changes  in  tastes 
that  affect  demand  for  the  fi rm 's  product ,  and  alterations 
in  factors  affecting  the  supply  of  items  held  by  the  firm), 
such  income  needs  to  be  segregated  from  operating  results  if 
the  reported  financial  statements  are  to  be  interpreted 
meaningful  ly.- 

Indirect  incorporation  of  holding  gains  and 
losses  into  net  income  and  misstatement  of 
the  exchange  ratios  for  resources  under 
management  control  may  lead  to  distortion 
of  decision  making  if  economic  decisions 
are  based  solely  upon  analysis  of  financial 
statements.   Current  costing  minimizes  this 
distortion  by  allowing  separate  analysis  of 
holding  operations  and  operating  results. 28 

Thus,  the  use  of  current  cost  in  the  matching  of  cost 

against  revenues  would  explicitly  show  the  results  of  each 

of  these  two  activities.   Moreover,  "the  holding  gains  and 

losses  would  be  recognized  in  the  accounting  period  when 

the  change  in  value  occurs  rather  than  in  the  period  when 


the  asset  is  sold, 


,29 
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c.  As  noted  above  the  "summation  of  current 
exchange  ratios  for  resources  is  more  meaningful  than  the 
addition  of  acquisition  exchange  ratios,  which  represent 
cost  from  different  time  periods,  because  such  a  sum  will 

more  closely  indicate  the  physical  quantity  of  various 

30 

resources  and  their  current  econo m i c  significance." 

d.  Having  the  resources  owned,  as  well  as  an 
accounting  period's  expenses,  measured  on  a  "current  basis 

would  make  rate  of  return  on  investment  computations  more 

31 

meani  ngf ul . " 

e.  If  all  firms  consistently  reported  current 
values  interperiod,  interindustry,  and  interfirm  statement 
comparison  would  be  more  meaningful. 

f.  Current  cost  information  is  vital  to  proper 
management  planning  and  evaluation.   For  example,  if  cur- 
rent exchange  ratios  have  increased  greatly  it  may  be  to 
the  advantage  of  the  owners  for  management  to  revise  its 
maintenance  and  repair  policy  in  order  to  extend  the 
service  life  of  present  equipment,  particularly  if  output 
selling  price  increases  have  not  matched  or  exceeded  cost 
increases.   Also,  it  is  beyond  doubt  that  current  exchange 
ratios  are  of  prime  importance  in  all  property  insurance 
matters.   Moreover,  in  financing  by  bonds  and  other  credit 
instruments  it  is  imperative  that  the  current  exchange 
ratios  of  the  long-lived  resources  be  recognized,  "because 
not  only  would  the  borrower  be  placed  at  a  disadvantage 
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if  this  were  not  done,  but  also  a  rather  awkward  situation 
would  be  presented  in  the  balance  sheet  if  the  liability 

were  for  a  sum  greater  than  the  cost  of  the  property  pi  edged 

32 
assecurity." 

Examination  of  the  debate  between  defenders  of  an 
acquisition  exchange  ratio  measurement  base,  and  advocates 
of  a  current  ratio  of  exchange  concept,  even  in  a  briefly 
summarized  form,  enables  the  investigation  to  gain  more 
explicit  insight  into  the  problem.   These  eight  points  of 
conflict  can  be  summarized  in  terms  of  two  basic  considera- 
tions.  The  first  indicates  the  defenders  of  acquisition 
exchange  ratios  strongly  feel  that  accounting  data  must  be 
objective  (statistically  verifiable  in  the  sense  that  dif- 
ferent groups  of  measurers  will  determine  nearly  identical 
measurements)  in  order  to  avoid  third  party  legal  liability 
as  that  concept  has  evolved  via  case  law.   The  objectivity 
argument  has  been  the  roughest  obstacle  for  the  measurement 
base  concepts  previously  proposed  by  advocates  of  current 
cost  to  overcome.   Therefore,  the  logical  conclusion  is 
reached  that  many  of  the  conflicts  described  above  will 
cease  if  the  measurement  procedures  can  provide  a  method- 
ology for  determining  objective  measurements  of  both  cur- 
rent acquisition  exchange  ratios  and  the  associated  holding 
gains  and  losses.   The  above  reasoning  then  provides  the 
conceptual  justification  for  the  tentative  general  hypo- 
thesis summarized  as  follows: 
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The.   znafiQij   itj^tzms    app.toack    {^om.    estimating    ca^tznt 
Atplacdimnt   ox  xupxodactton    cost   can    be  mad?,   opz-iatlonat 
iuch  that  tkexz   U   fitai>onablz  i>tatli>tia.at  aoXyi elation   betMeen 
thz   ei,tlmatti    provided,    even  u)hen  6aah   estimates    afie  made   by 
dl{^len.ent  Qfioaps    oi   measaxexs    {I.e.    such   operational  pH.o- 
eedun.es    provide   objective   estimates    oi   cun..ient  acquisition 
exchange  ratios]. 

On  the  other  hand,  the  second  consideration  being 
debated  in  the  points  of  conflict,  which  were  summarized 
above,  may  be  stated  as  follows:   does  current  cost  in  the 
financial  statements  provide  the  most  useful  information 
given  the  specific  sets  of  users  and  the  decisions  they 
address  themselves  to  when  using  the  reported  financial 
information?   Logical  reasoning,  comparing  the  difference 
between  the  conceptual  ideal  of  what  information  should  be 
conveyed  by  the  statement  of  income  and  the  statement  of 
financial  position  versus  what  information  actually  appears 
to  be  conveyed  (discussed  in  Chapter  I),  suggest  informa- 
tion based  on  current  acquisition  exchange  ratios  must  be 
more  useful.   Hence,  the  justification  for  the  assumption, 
stated  in  Chapter  I,  that  data  based  on  current  cost  data 
provides  the  most  useful  information  to  statement  users. 

It  was  necessary  to  state  this  assertion  in  the 
form  of  an  assumption  because  the  scienti fi c, method  of 
investigation  requires  empirical  verification  before  the 
results  of  inquiry  can  attain  a  "warranted  assertion" 


58 


status.   Empirical  verification  of  such  a  hypothesis  would 
require  an  examination  of  the  moti va tional -behavioral 
responses  of  the  users  of  financial  statement  data  to  that 
data,  and  this  type  of  inquiry  is  beyond  the  scope  of  the 
current  investigation. 

In  summary,  it  must  be  stated  that  no  warranted 
conclusion  can  be  reached  concerning  the  propriety  of 
recognizing  and  reporting  current  acquisition  exchange 
ratios  until  the  "usefulness  to  users  of  financial  data" 
question  can  be  empirically  resolved.   However,  it  does 
appear  that  a  substantial  portion  of  the  objections  to  a 
current  cost  measurement  base  concept  would  cease  provided 
a  methodology  for  determining  objective  measures  of  current 
acquisition  exchange  ratios  can  be  obtained.   Therefore, 
this  inquiry  will  be  concerned  with  an  energy  systems 
methodology  for  measuring  current  replacement  or  reproduc- 
tion cost. 


The  Measurement  of  Current  Acquisition 
Exchange  Ratios 

The  problem  of  measuring  current  acquisition  ex- 
change ratios  for  resources  is  essentially  statistical  in 
nature.   In  determining  which  modified  measurement  base  is 
to  be  applied,  it  is  necessary  to  analyze  the  statistical 
properties  of  various  accounting  numbers.   In  simple  terms, 
what  is  desired  is  a  measurement  base  which  will  provide 
the  most  accurate  estimate  possible  of  the  current  exchange 
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ratio  for  acquiring  the  services  consumed  during  the 
operations  of  the  current  period.   Therefore,  what  is 
desired  is  an  estimate  of  either  reproduction  cost  or  re- 
placement cost.   However,  as  stated  above,  accountants 
desire  a  measurement  methodology  which  provides  objective 
measurements  in  order  to  reduce  the  possibility  of  third 
party  liability. 

Therefore,  this  inquiry  will  emphasize  the  develop- 
ment of  a  logically  consistent  methodology  for  estimating 
statistically  objective  or  verifiable,  as  well  as  accurate, 
estimates  of  current  replacement  or  reproduction  cost  for 
resources  owned  by  an  accounting  entity.   This  objective 
is  consistent  with  the  American  Accounting  Association's 
Committee  on  Concepts  and  Standards-Long-Lived  Aspects 
recommendations  as  evidenced  by  the  following  statement: 

The  current  cost  of  obtaining  the  same  or 
equivalent  services  should  be  the  basis 
for  valuation  of  assets  subsequent  to 
acquisition.   Where  there  is  an  established 
market  for  assets  of  like  kind  and  condi- 
tion quoted  acquisition  prices  may  provide 
the  most  objective  evidence  of  current 
cost.   Where  there  is  no  established  market 
for  assets  of  like  kind  and  condition,  cur- 
rent cost  may  be  estimated  by  reference  to 
the  purchase  price  of  assets  which  provide 
equivalent  service  capacity.   The  purchase 
of  such  substitute  should  be  adjusted  for 
differences  in  operating  characteristics 
such  as  cost,  capacity,  and  quality.   In 
other  cases,  adjustment  of  historical  cost 
by  the  use  of  specific  price  indexes  may 
provide  acceptable  approximations  of  cur- 
rent cost.   Appraisals  are  acceptable  only 
if  they  are  based  on  the  above  methods  of 
estimating  current  cost.   Whenever  there  is 
no  objective  method  of  determining  the  ';,..■ 
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current  cost  of  obtaining  the  same  or  equivalent 
services,  original  acquisition  cost  should  con- 
tinue as  the  basis  for  valuation. 33 

The  techniques  suggested  for  obtaining  estimates  of 
reproduction  or  replacement  cost. include  the  use  of  ap- 
praisals, the  use  of  current  market  prices,  and  the  use  of 
specific  price  indexes.   There  are  two  objections  to  the 
use  of  appraisals  in  obtaining  current  cost  estimates. 
Perhaps  the  stronger  of  the  two  is  the  subjective  judgment 
inherent  in  the  appraisal  process.   Rarely,  if  ever,  will 
two  independent  appraisers  establish  the  same  dollar  amount 
as  the  replacement  cost  of  a  given  productive  resource  and 
sometimes  the  difference  can  be  substantial.   Another 
problem  is  the  high  cost  of  obtaining  appraisals,  particu- 
larly in  terms  of  the  benefits  of  having  current  cost 
versus  the  cost  of  obtaining  them. 

The  use  of  market  prices  for  obtaining  replacement 
exchange  ratios  may  be  justified  as  follows:   a  long-lived 
productive  resource  is  valuable  because  of  the  future 
services  which  it  will  render;  furthermore,  the  subjective 
process  of  discounting  involved  in  the  translation  of 
future  benefits  to  present  exchange  ratios  precedes  the 
exchange  activities  carried  on  by  buyers  and  sellers  who 
enter  the  market.   Since  the  exchange  ratio  resulting  from 
market  activity  represents  the  collective  judgment  of  all 
the  users  of  a  particular  resource  concerning  the  present 
currency  worth  of  the  future  services,  market  prices 
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implicitly  provide  an  objective  estimate  of  the  net  pr^-ent 
value  of  the  resource.*   Such  an  argument  is  undoubtably 
correct  provided  similar  resources,  of  similar  age,  in 
similar  condition  are    actively  traded  in  an  established 
market.   However,  very  little  research  has  been  done  con- 
cerning the  availability  of  such  market  data,  and  that 
which  has  been  done  has  indicated  a  lack  of  available  in- 
formation of  this  type.   Therefore,  more  extensive  empiri- 
cal investigation  is  necessary  before  any  conclusions  are 
warranted . 

A  third  method  generally  suggested  is  the  use  of 
specific  price  indexes  to  adjust  the  historical  cost  of 
specified  resources  to  their  current  cost  assuming  such 
resources  are  new.   This  method  is  analogous  to  the  use  of 
market  prices,  except  that  it  requires  only  that  resources 
capable  of  similar  uses  are  currently  being  produced.   The 
objections  to  the  procedure  have  centered  mainly  on  three 
areas.   First,  any  economic  price  index  is  constructed  by 
some  weighting  process  whereby  quantities  are  held  constant 
and  prices  are  allowed  to  vary.   There  are  substantial 
questions  concerning  the  accuracy  of  any  price  index  when 
its  construction  is  based  on  the  arbitrary  selection  of  a 
set  of  weights.   For  example,  consider  the  following 
situation: 


*This  discussion  provides  the  logical  justification  for 
the  assumption  stated  in  Chapter  I  that  market  prices 
approximate  the  discounted  flow  of  net  cash  benefits. 
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Beginning  of  Time  Interval    End  of  Time  Interval 


Wheat    50  bushels  §  $2.00  per 
bushel 

Corn    100  bushels  (3  $  .50  per 
bushel 


80  bushels  @  $2.50  per 
bushel 

50  bushel  s  (a  $1  .00  per 
bushel 


Constructing  a  price  index  for  wheat  and  corn  using  begin- 
ning of  the  period  weights  shows  prices  have  increased  by 
50  percent;  however,  the  same  index  constructed  using  end- 
of-the-period  weights  shows  prices  have  increased  by  about 
35  percent.   Which  is  correct?   Secondly,  there  is  a 
question  concerning  how  specific  a  given  index  must  be  in 
order  to  achieve  the  desired  degree  of  accuracy.   "Any 
index,  though  specific  to  whatever  group  of  assets  it  re- 
presents is  not  specific  to  any  single  one  of  the  assets 
in  the  group,  whose  relative  price  changes  are  dispersed 
around  the  index."  ^      Previous  research  indicates  "yery 
little  statistical  accuracy  is  gained  by  the  use  of  the 

most  specific  indexes  currently  available  at  very    little 

1 35 
cost."    Thirdly,  the  criticism  has  been  voiced  that  any 

given  price  index  can  measure  only  overall  changes  in 
ratios  of  exchange  as  there  is  no  available  methodology 
for  segregating  price  changes  caused  by  changes  in  re- 
source quality  from  price  changes  caused  by  changes  in 
productive  efficiency  in  producing  resources  from  price 
changes  caused  by  a  myriad  of  other  things  which  affect 
either  long-run  or  short-run  supply  and  demand. 
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Objections  to  the  use  of  these  methods  of  estimating 
a  replacement  or  reproduction  cost  again  illustrate  the 
importance  of  the  objectivity  concept;  but  the  importance 
of  accurate  information  is  also  pointed  out.   Accordingly, 
it  is  necessary  to  establish  another  tentative  general 
hypothesis  in  order  to  properly  evaluate  an  energy  systems 
approach  for  estimating  replacement  cost.   This  hypothesis 
may  be  stated  as  follows:  th?,   g^no^Aal   zyiq^H-qlj  iijit^mi 
appfLoack   p^ovld2.6    aacun.atz    ii&tlmoitzi    oi   thz    cmfi/Kivit   fit- 
p^oduct-ion    [c^   ^e.ptac.2.m(2.nt)    ao^t   o  {^    a   6p2.a-i{i-lzd   tong-tivtd 
pKodiict-Lvz   fit^oufic^.. 

Concl usions 

The  purpose  of  this  chapter  is  to  convey  to  the 
reader  a  description  of  the  historical  evolution  of  the 
accounting  problem*  under  consideration,  the  previously 
proposed  solutions,  and  the  objections  to  those  solutions.. 
It  is  believed  that  a  comprehensive  study  of  the  proble- 
matic situation,  even  though  in  yery    summarized  form,   ■  ' 
al lows  the  i nqui rer  to  gain  further  insight  concerning  the 
various  interactions  inherent  in  the  economic,  political, 
and  legal  environment  which  exert  pressures  on  the  com- 
ponent issues  of  the  problem. 


*The  measurement  of  long-lived  resources.   This  problem 
includes  the  selection  of  the  appropriate  measurement 
base  to  be  used  as  the  valuation  coefficient. 
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Second,  the  background  information  developed  is 
used  to  provide  the  logical  justification  for  some  of  the 
more  important  assumptions  necessary  to  the  inquiry.   Also, 
the  logical  reasoning  involved  in  choosing  the  general 
working  hypotheses  proposed  in  order  to  evaluate  the  gen- 
eral energy  system  approach  to  measuring  current  acquisi- 
tion exchange  ratios  is  described. 

Finally,  it  has  been  stated  that  this  inquiry  is 
constrained  to  the  development  and  evaluation  of  a 
measurement  system.   In  this  chapter,  it  is  noted  that 
development  of  a  logically  consistent,  empirically  veri- 
fiable, and  objective  measurement  system  is  not  expected 
to  completely  resolve  the  accounting  problem  because  of 
the  "relevance  to  user  needs"  issue.   However,  having  such 
a  measurement  system  will  narrow  the  scope  of  the  contro- 
versy and  thus  aid  in  final  resolution  of  the  problem. 
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CHAPTER  III 
GENERAL  ENERGY  SYSTEMS  THEORY--A  BASIC  DESCRIPTION 


In  this  chapter  general  energy  systems  theory  will 
be  discussed  including  an  examination  of  the  relationship 
between  energy  and  economics.   However,  before  this  dis- 
cussion begins,  it  is  necessary  to  provide  clear  defini- 
tions of  the  terms  energy,  power,  and  work.   In  physics, 
energy  refers  to  the  capacity  to  do  work,*  work  is  done 
when  a  body  is  moved  by  force;  and  power  is  defined  as 
energy  per  unit  of  time,  such  as  energy  per  second.-^ 

These  definitions  can  be  clarified  by  considering 
some  concepts  commonly  used  in  physics. 

The  absolute  unit  of  work  in  the  Centimetre- 
Gramme-Second  system  is  one  erg.   It  is  a 
very    small  unit,  being  the  work  done  when  a 
body  of  1.02  milligrammes  weight  is  lifted 
vertically  by  one  centimetre  against  the 
gravitational  force  at  sea  level.   Ten 
million  ergs  are  called  a  joule  and  a  joule 
per  second  is  a  power  unit  called  a  watt.   A 
kilowatt  (1000  watts)  is  the  practical  unit 
of  power.   However,  horsepower  is  another 
power  unit  defined  as  work  of  550  foot-pounds 
per  second  or  .745476  kilowatts.   Since  power 
is  energy  divided  by  time,  the  product  of 
power  and  time  is  energy.   A  practical  unit 
for  energy  is  the  kilowatt  hour;  that  is,  the 
work  done  by  a  one  kilowatt  engine  in  one 
hour.   It  will  lift  a  load  of  one  metric  ton 
over  a  difference  in  level  of  1119  feet. 2 


*0r  the  capacity  to  alter  relationships  between  man  and 
his  environment. 
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Potential  energy  may  be  thought  of  as  "stored  work;" 

in  other  words,  it  describes  the  capacity  to  perform  work  or 

the  energy  available  to  carry  out  processes  and  account  for 

phenomena.   The  classic  illustration  of  potential  energy  is 

restated  by  Hans  Thirring  using  a  mechanical  energy  example 

which  defines  potential  energy  in  terms  of  a 

heavy  body  on  a  higher  level  which  can  do 
work  by  descending  to  a  lower  level  and 
hoisting  (by  means  of  a  rope  and  pulley) 
a  load  from  a  lower  level.   In  this  situa- 
tion potential  energy  is  defined  as  the 
product  of  its  weight  and  the  height 
above  a  certain  zero  level.   Potential 
energy  must  be  related  to  a  certain  zero 
level  because  a  body  cannot  do  work  by 
losing  its  potential  energy  unless  it  is 
allowed  to  descend  to  a  lower  level. 3 

Mechanical  energy  may  be  calculated  in  terms  of  motion 

force,  and  distance.   Thirring  states  that  one  way  to  define 

mechanical  energy  is 
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In  physics  it  is  noted  that  when  an  object  falls 
from  a  higher  level  to  the  ground,  its  original  potential 
energy  (while  stationary  at  the  higher  level)  is  converted 
into  kinetic  energy  (potential  energy  in  the  form  of  a 
moving  object)  during  the  fall  and  afterwards,  partly  con- 
verted into  mechanical  work  by  making  a  hole  in  the  ground 
and  partly  dissipated  into  the  invisible  motion  of  its  single 
molecules  and  atoms.   The  kinetic  energy  of  the  invisible 
molecular  motion  of  a  body  is  nothing  else  but  its  heat  con- 
tent.  In  other  words,  heat  is  the  energy  of  the  disordered 
and  invisible  motion  of  the  atoms  and  molecules  of  a  body. 
Therefore,  both  heat  and  mechanical  work  are  forms  of  energy. 
Because  each  is  a  form  of  energy  it  is  possible  to  convert 
heat  to  mechanical  work  and  mechanical  work  to  heat.   Like- 
wise, there  are  conversion  factors  for  converting  the 
measuring  units  for  mechanical  work  to  the  measuring  units 
for  heat.   For  instance,  a  kilowatt  hour  is  a  measure  of 
mechanical  work;  a  BTU  (British  Thermal  Unit)  is  a  measure 
of  heat;  and  one  kilowatt  hour  equals  3412.75  BTU's.* 
Energy,  then,  can  be  measured  in  terms  of  either  heat  units 
or  mechanical  work  units. 

Thermodynami cs--The  Science  of  Energy 

Since  energy  can  be  converted  from  one  form  to 
another  and  since  it  is  desirable  for  man  to  accomplish 


*See  Table  1  for  other  conversion  factors 
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TABLE  1.   CONVERSION  FACTORS  FOR  ENERGY  MEASURING  UNITS 


Gram-calorie  (gcal)  -  amount  of  heat  necessary  to 
raise  1  gram  of  water  one  degree  centigrade 
at  fifteen  degrees  centigrade. 

Kilogram-calorie  (kcal)  -  1,000  gram-calories. 

British  Thermal  Unit  (B.T.U.)  =  amount  of  heat 
necessary  to  raise  one  pound  of  water  one 
degree  fahrenheit  =  252  gcal  =  .252  kcal. 

Joule  =  .24  gcal  =  .74  foot-pounds. 

Watt  ^  one  Joule  per  second  =  14.3  gcal  per  minute 
=  3-7  X  10"''  horsepower  hours. 

Ki lowatt  =  1  ,000  watts 

Kilowatt  hour  (kwh)  -  3412.75  B.T.U. 's  =  860.013 
kcal  =  1.34  horsepower  hours. 

Horsepower  =  550  foot-pound  per  second  =  10.688 
kcal  per  minute  =  .745476  kilowatts. 

Horsepower  Hour  =  2544.48  B.T.U. 's  =  541.56  kcal. 


Source:   U.S.  Bureau  of  Mines 
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this  conversion,  a  scientific  body  of  knowledge,  usually 
referred  to  as  thermodynamics  (from  the  Greek  roots  therme 
meaning  heat  and  dynamis  meaning  power),  has  evolved  in 
this  area.   Thermodynamics  is  a  branch  of  physics  which 
defines  and  interprets  the  relationships  between  energy, 
heat  and  work. 

British  scientist  James  P.  Joule  established  a 
mathematical  measure  of  the  exact  relationship  between  heat 
and  work,  which  led  to  the  establishment  of  a  principle  cal- 
led the  First  Law  of  Thermodynamics  (or  the  Law  of  Conserva- 
tism  of  Energy).    Basically,  this  principle  states  that 
energy  may  be  transformed  from  one  form  into  another,  but  it 
is  never  created  or  destroyed.   Sunlight,  for  instance,  is  a 
form  of  energy  which  can  be  transforiiied  into  work,  heat,  or  the 
potential  energy  of  food  (energy  stored  as  matter),  depend- 
ing on  the  situation  but  none  is  destroyed.   This  means  that 
energy,  which  by  natural  and  artificial  processes  is  per- 
manently converted  from  one  form  into  another,  is  never 
lost  or  generated  from  nothing. 

This  law  encouraged  Joule  to  attempt  to  devise  a 
system  for  generating  a  large  amount  of  work  by  exploiting 
very    small  changes  in  temperature.   However,  these  efforts 
were  not  successful  and  resulted  in  stating  of  the  Second 
Law  of  Thermodynamics  by  one  of  his  students.   The  Second 
Law  may  be  stated  in  several  ways  as  follows:   No  process 
involving  an  energy  transformation  will  occur  unless  some  of 
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the  potential  energy  is  degraded  from  a  concentrated  form 
into  a  dispersed  form;  or,  because  some  energy  is  always 
dispersed  into  unusable  heat  energy  no  transformation  of 
energy  (i.e.  the  transformation  of  heat  into  mechanical  work, 
or  vice  versa)  is  100  percent  efficient.   In  other  words, 
even  though  the  First  Law  of  Thermodynamics  states  that 
energy  can  neither  be  destroyed  nor  created,  another  process 
results  in  available  energy  continuously  changing  to  a  lower, 
less  usable  form.*   It  is  this  process  which  is  referred  to 
as  the  Second  Law  of  Thermodynamics  (or  as  some  prefer,  the 
entropy**  law).   This  law  is  used  to  describe  the  processes 
of  energy  conversion  in  many  systems,  including  those  of 
physics,  biology,  and  ecology.   For  instance,  a  heat 


*The  first  law  is  not  violated  as  energy  is  neither  created 
nor  destroyed;  however,  potential  energy  is  degraded  from  a 
form  capable  of  driving  phenomena  into  a  form  that  is  not 
capable  of  doing  so;  although,  even  as  random  heat,  tech- 
nically, energy  still  exists  as  molecular  motion. 


**Entropy  (from  a  Greek  word  meaning 
a  term  used  to  describe  the  relation 
cess.  Furthermore,  the  terms  "high 
entropy  are  used  to  designate  availa 
a  given  system  (whether  a  power  plan 
or  an  ecological  system).  Available 
entropy,  and  can  be  used  for  somethi 
pound  of  coal  can  be  burned  to  produ 
fore,  the  coal  is  low  entropy.  High 
which  is  unavailable  for  use;  for  ex 
rejected  from  the  power  plant  cannot 
to  produce  more  electricity.  In  oth 
has  a  high  degree  of  order  and  high 
disorder  with  respect  to  the  system 
reason,  low  entropy  refers  to  high  q 
entropy  to  low  quality  energy. 
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engine  is  a  process  which  converts  some  of  the  original 
energy  content  of  fuel  (see  Table  2  for  the  energy  content  of 
various  fuels)  to  mechanical  work  through  operation  of  the 
engine  and  dissipates  the  rest  as  waste  heat  (it  is  waste 
because  it  has  lost  the  potential  for  driving  a  process).   A 
second  example  which  can  be  described  would  occur  in  ecosys- 
tems where  low  entropy  is  achieved  by  a  continual  dissipa- 
tion of  energy  of  high  utility  (for  example  sunlight  which 
is  capable  of  driving  the  photosynthesis  process  or  plant 
glucose  which  drives  the  respiration  process)  to  energy  of 
low  utility  (low  utility  in  the  sense  that  it  has  no 
potential  for  driving  phenomenon). 

Another  way  of  understanding  the  entropy  law  is  to 
visualize  the  entropy  process  in  terms  of  the  degree  of  dis- 
order.  Thus,  different  forms  of  energy  can  be  arranged  in 
an  order,  the  highest  form  of  which  is  the  one  with  the 
least  disorder  or  entropy.   Moreover,  energy  with  the  low- 
est entropy  has  the  greatest  potential  to  perform  work  and 
may  be  degraded  into  a  lower  form  (to  high  entropy  entropy), 
but  can  never  be  wholly  converted  back  into  a  higher  form.. 
It  is  possible  to  transform  energy  from  a  less  useful  to  a 
more  useful  form,  but  only  at  the  expense  of  degrading  a 
fraction  of  the  initial  amount  of  potential  energy  present. 
Therefore,  "the  real  message  of  the  entropy  law  is  that 
energy,  unlike  most  resources,  cannot  be  recycled.   The  total 
potential,  or  capacity  to  do  work,  in  a  given  amount  of 
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TABLE  2.   THE  ENERGY  CONTENT  OF  VARIOUS  FUEl S  (IN  MILLIONS 
OF  BTU'S) 


Bituminous  Coal 

26.20 

per 

short  ton 

Pennsylvania  Anthracite  Coal 

25.40 

per 

short  ton 

Kerosene 

5.67 

per 
(42 

barrel 
gal.) 

Gasol i  ne  (motor  fuel ) 

5.22 

per 

barrel 

Gasoline  (aviation) 

5.05 

per 

barrel 

Fuel  Oil  (Grades  1-4) 

5.83 

per 

barrel 

Fuel  Oil  (Grades  5-6) 

6.29 

per 

barrel 

Crude  Oil 

5.80 

per 

barrel 

Petroleum  Coke 

30.12 

per 

short  ton 

Coal  Coke 

24.80 

per 

short  ton 

Coke  Breeze 

21  .00 

per 

short  ton 

Wood 

20.96 

per 

cord 

Natural  Gas  Liquids 

4.01 

per 

barrel 

Wellhead  Natural  Gas 

1  .08 

per 

cubic  foot 

Natural  Gas  (dry) 

1  .03 

per 

cubic  foot 

Source:   U.S.  Bureau  of  Mines 
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energy  can  be  used  only  once;  and,  having  been  used,  cannot 
be  recaptured  in  its  entirety." 

Energy  and  Man  in  Historical  Perspective 


Man,  like  all  living  organisms  is  a  consumer  of 

energy  (or  is  an  energy  converter),  because  animal  life 

depends  on  metabolism  fuelled  by  food,  which  supplies  to 

the  body  the  necessary  amount  of  energy.   Thirring  describes 

the  energetics  of  the  human  body  as  follows: 

The  total  energy  resulting  from  'burning' 
the  food-fuel  in  the  process  of  metabolism 
is  used  for  different  purposes,  among  which 
there  are  three  which  play  a  dominant  role: 

1)  Chemical  energy  used  for  building  up 
and  regenerating  the  living  tissues  of  the 
body. 

2)  Energy  needed  for  doing  muscular  and 
mental  work. 

3)  Heat  for  compensating  the  losses  by^ 
conduction,  radiation,  and  evaporation. 

Beyond  the  biological  minimum  the  amount  of  energy 
required  by  man  is  set  by  the  goals  he  seeks.   Because  few, 
if  any,  societies  exist  where  men  voluntarily  choose  to 
exert  no  more  energy  than  that  which  is  required  for  sur- 
vival, manipulation  of  energy  has  been  an  essential  com- 
ponent of  man's  society.   "Although  primitive  people  and 
most  animals  can  alter  their  behavior  to  adapt  to  changing 
environmental  restriction,  the  reverse  ability  to  sub- 
stantially  alter  the  environment  is  uniquely  man's."    From 
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their  earliest  earth  origins,  human  beings  have  continually 
sought  "to  minimize  their  labor  by  the  use  of  tools.   During 
the  late  Paleolithic  period--some  12,000  to  20,000  years 
ago~-cave  dwellers  in  southern  Europe  painted  images  of  what 
may  well  have  been  the  first  machine,  or  sophisticated  tool 

used  by  man.   On  the  cave  walls  are  pictured  traps  used  for 

9 
capturing  mammoth  and  bison."    By  using  this  trap,  early 

hunters  were  able  to  increase  the  probability  of  their 
existence.   They  stretched  their  available  biological 
energy,  in  the  form  of  food,  by  utilizing  tools  to  con- 
struct the  trap  and  provide  themselves  more  energy  in  the 
form  of  flesh  of  the  bison  and  mammoth.   Muscular  work,  done 
by  laborers,  housewives,  slaves,  and  domestic  animals,  con- 
tributed the  greatest  proportion  of  mechanical  work  among 
civilized  nations  in  former  times,  and  still  does  among 
primitive  peoples  today.   "Man  power  and  animal  power  is 
physiological  energy  and  is  denoted  by  the  term  'animate 
energy'  which  means  the  potential  energy  is  maintained  by 
food  and  fodder. "^°  . 

On  the  other  hand,  "purely  physical  energy  is  main- 
tained by  using  fuel,  wind,  water-power,  and  other  such 
sources,  and  it  is  designated  as  inanimate  energy."    These 
different  sources  of  inanimate  energy  can  replace  one  an- 
other, but  inanimate  energy  sources  can  be  exchanged  for 
food  resources  only  indirectly  by  subsidizing  production 
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of  fertilizers,  farm  equipment,  transportation  equipment, 
and  so  on.   The  prehistoric  domestication  of  animals  re- 
presented a  multiplication  in  the  power  resources  available 
to  man  but  not  by  very    significant  amounts.   During  this 
time,  the  power  available  limited  man's  ability  to  irri- 
gate, cultivate,  and  survive.   It  has  been  the  application 
of  inanimate  energy  which  caused  the  decisive  steps  in  the 
evolution  of  man's  society.*   The  most  vital  discovery  of 
the  Stone  Age  was  how  to  make  fire  by  rubbing  together  two 
pieces  of  wood.   This  revolutionary  discovery  has  many  re- 
percussions in  the  history  of  energy.   For  early  man  fire 
meant  light,  heat,  protection,  and  a  number  of  other 
things. 

The  most  significant  of  these  other  things  is  that 
"the  application  of  fire  and  its  heat  led  to  the  transition 
from  the  Stone  Age  to  the  Bronze  Age  and  then  to  the  Iron 
Age  by  making  possible  the  production  of  higher  quality 


tool  s 


12 


So  energy  facilitated  the  creation  of  capital 


goods  in  the  form  of  tools  from  nature's  raw  materials,  and 
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evolution  can  be  measured  in  terms  of  the 
ount  of  energy  harnessed  per  capita  per  annum, 
s,  the  development  of  energy  sources  that  are 
f  immediate  biological  processes  has  been  the 
atest  importance  and  this  is  a  yardstick  that 
ly  to  agree  with  human  experience:   Industrial- 
s  harness  many  times  more  energy  per  capita  per 
ni ndustri al i zed  ones  and  in  areas  where  the 
eted  the  noni ndustri al i zed  societies  have  in- 
displaced,  absorbed,  or  destroyed. 
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the  tools  thus  created  were  of  a  higher  quality  than  the 
earlier  tools  made  by  using  the  raw  materials  in  substan- 
tially natural  form.   In  addition,  energy  in  the  form  of 
heat  for  warmth  increased  the  size  of  the  world's  habitable 
area.   However,  Thirring  states  that  man  eventually  dis- 
covered that  energy  could  be  used  for  purposes  other  than 
for  warmth. 

For  thousands  of  years,  through  all  the  pre- 
historic ages,  heat  was  the  only  form  of 
inanimate  energy  used  by  man.   As  noted 
earlier,  to  do  the  work  necessary  to  supply 
food,  clothing,  and  shelter  man  had  to  use 
his  own  muscles  or  those  of  his  slaves  or 
animals 


The  Chinese  were  probably  the  first  to  use  wind- 
mills.  Waterwheels,  originally  devised  by  the  Babylonian; 
for  irrigation,  were  used  in  the  Roman  Empire  for  driving 
mills  such  as  saw -mills  and  hammer-mills.   The  early  ap- 
plication of  water  power  is  described  by  Chauncy  Starr  as 
f ol 1 ows : 

The  horizontal  water-wheel  used  by  the  Romans, 
which  operated  by  exploiting  natural  differ- 
ences in  elevation,  operated  with  a  power 
capacity  of  perhaps  .3  kilowatt.   By  the 
fourth  century  the  vertical  waterwheel  hac 


Wheel  was  by  tar  the  most  important  pr 
mover,  providing  the  foundation  for  the  in- 
dustrialization of  western  Europe.   By  the 
seventeenth  century  its  power  output  was 
reaching  yery    significant  levels.   The 
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famous  Versailles  waterworks  at  Marly-la- 
Machine  is  believed  to  have  had  power  of  56 
kilowattsJ^ 

The  windmill  first  appeared  in  western  Europe  in 
the  twelfth  century.   It  was  variously  used  for  grinding 
grain,  for  hoisting  materials  from  mines  and  for  pumping 
water.   The  windmill  had  a  respectable  capacity  ranging 
from  several  kilowatts  to  as  much  as  12  kilowatts.   Starr 
then  describes  the  evolution  of  using  fossil  fuel  energy  to 


supply  mechanical  power  as  follows 


The  dev 
rel ati  V 
and  the 
Hero  of 
Sphere 
on  a  to 
century 
this  ti 
pump  wh 
the  vac 
Early  i 
a  movin 
sources 
engine 
to  prov 
time,  h 
The  ear 
the  wat 
movers . 
centers 
determi 
power  s 
1  i  m  i  t  a  t 
that  ga 
to  cont 
centers 
was  an 
water  t 
the  whe 
middl e 
steam  e 
for  the 
western 


elopmen 

ely  mod 

waterw 

Al exan 

of  Aeol 

y  seal e 

was  St 

me  Thorn 

ich  was 

uum  of 

n  the  e 

g  pisto 

of  sev 

was  the 

i  d  e  b  a  s 

owever , 

ly  Indu 

erwheel 

Thus  , 

,  facto 

ned  by 

ources . 

ion  on 

ve  the 

inue  th 

.   The 

a  u  X  i  1  i  a 

0  an  el 

el's  po 

of  the 

ngine  b 

manuf a 

worl  d . 


t  of  th 
ern  com 
heel  . 
dria  de 
us ,  a  s 
.  Not 
earn  use 
as  Save 

a  p  i  s  t 
condens 
i  g  h  t  e  e  n 
n  were 
eral  ki 

f  i  rst 
ic  mobi 

before 
s  t  r  i  a  1 

and  th 

the  lo 
r  i  e  s  ,  a 
the  ava 
It  wa 
the  exp 
steam  e 
e  growt 
first  u 
ry  to  t 
e  V  a  t  i  0  n 
w  e  r .  I 
n  i  netee 
ecame  a 
cturi  ng 
The  c 


e  ste 
pared 
As  ea 
monst 
team 
until 
d  eff 
ry  i  n 
onl  es 
ing  s 
th  ce 
devel 
1  owat 
mecha 
lity. 

this 
Revol 
e  win 
c  a  t  i  0 
nd  ci 
i  1  a  b  i 
s  the 
a  n  s  i  0 
ngine 
h  of 
se  of 
he  wa 

suff 
t  was 
nth  c 

pri  n 

indu 
ontri 


am  pri 

wi  th 
rly  as 
rated 
reacti 

the  s 
ecti  ve 
vented 
s  d  e  V  i 
team  t 
ntu  ry 
oped  a 
ts.  T 
ni  cal 
It  w 

mobi  1 
uti  on 
dmill 
n  of  i 
ti  es  w 
1  ity  0 

geogr 
n  of  w 

an  op 
manuf a 

the  s 
terwhe 
i  c  i  e  n  t 

not  u 
entury 
c  i  p  a  1 
stry  0 
buti  on 


me  mo 
the  w 

one 
the  f 
on  tu 
event 

ly. 

a  st 
ce  us 
0  pum 
e  n  g  i  n 
s  pow 
he  St 
prime 
as  so 
ity  w 
was  b 
as  pr 
ndust 
as  pr 
f  tho 
a  p  h  i  c 
ater 
portu 
cturi 
team 
el  :  t 

to  i 
ntil 

that 
prime 
f  the 

of  1 


ver  IS 

i  n  d  m  i  1 1 

A.D. 

amous 

rbi  ne 

eenth 

At 

earn 

i  ng 

p  water. 

e  s  using 

er 

earn 

mover 
me 

as  used . 
ased  on 
ime 
rial 
imari ly 
se 

power 
n  i  ty 

ng 

engine 
0  pump 
ncrease 
the 

the 

mover 

arge 


80 


power  machines  to  the  social  development 
became  important  after  1700,   Since  1900  a 
steadily  growing  variety  of  smaller  power- 
conversion  devices  have  been  introduced 
whose  chief  virtue  is  mobility.   From  1700 
on,  the  power  output  of  energy  conversion 
devices  has  increased  about  10,000  times. 
Most  of  this  growth  has  occurred  in  the 
last  100  years  so  it  has  had  its  major 
impact  only  recently.   It  1s  this 
technological  capacity  that  makes  recent 
decades  reflect  accelerated  energy 
uti 1 ization. ^  5 

The  growth  of  energy  use  has  been  so  rapid  in  the 
recent  past  because  utilization  of  energy  depends  on  two 
factors:   available  resources  and  the  technological  skill 
to  convert  energy  resources  to  useful  heat  and  work.   Energy 
resources  have  always  been  obtainable  from  the  environment; 
however,  power  devices  capable  of  converting  the  energy  into 
useful  work  have  been  a  recent  historical  development.   The 
development  of  these  prime  movers  (energy  converters)  re- 
quired and  supported  the  technology  of  iron  and  steel 
fabrication  and  it  involved  the  rise  of  the  railroads. 

In  summary,  it  has  been  shown  that  the  use  of  energy 
has  been  a  key  to  the  supply  of  food,  to  physical  comfort, 
and  to  improving  the  quality  of  life  beyond  the  rudimentary 
activities  necessary  for  survival.   Furthermore,  man  uses 
energy  converters  other  than  his  own  body  to  achieve  his 
ends  and  the  energy  these  converters  make  available  to  him 
is  measurable.   Moreover,  the  relative  advantage  of  using 
converters  over  using  man's  own  physical  effort  may  be 
cal cul ated  .  . 
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The  growth  of  the  world's  population  and  the  mani- 
festations of  greater  per  capita  affluence  all  appear  to 
show  significant  increases  in  parallel  with  the  growth  in 
energy  use.   In  other  words,  as  put  by  Ray  Rappaport, 

the  increasing  size  and  complexity  of  human 
organization  is  related  to  man's  increasing 
ability  to  harness  energy.   The  relationship 
is  not  a  simple  one;  rather,  it  is  one  of 
mutual  causation.   For  example,  increases 
in  the  available  energy  allow  increases  in 
the  size  and  differentiation  of  human 
societies.   Increased  numbers  and  increas- 
ingly complex  organizations  require  still 
more  energy  to  sustain  them  and  at  the 
same  time  facilitate  the  development  of 
new  techniques  for  capturing  more  energy 
and  so  on.   Simultaneously  with  this  growth 
rapid  developments  in  learning,  in  the  arts, 
and  in  technologies  of  all  kinds  can  gen- 
erally be  observed.  ■'■^ 

Although  one  must  be  cautious  when  dealing  with 
pluralistic  and  interacting  relations,  a  strong  case  can  be 
made  for  the  proposition  that  the  productive  utilization  of 
energy  has  played  a  primary  role  in  shaping  the  science  and 
culture  of  the  past  350  years.   This  proposition  finds  some 
support  in  the  relation  that  it  is  possible  to  observe 
today  between  the  per  capita  consumption  of  energy  for 
heat,  light,  and  work  and  the  per  capita  gross  national 
product  of  various  nations. 

Table  3  provides  a  rough  idea  as  to  how,  in  the 
evolution  of  human  civilization,  new  sources  and  new 
applications  of  inanimate  energy  were  added  to  existing 
sources  for  providing  industrial  and  transportation  power 
as  well  as  domestic  and  industry  heat. 


82 


Table  3 


Sources  of  Inanimate  Energy   as  They  First  Appeared 
at  Different  Stages  of  Civilization 


Stage  of 

Human 
Develop me nt 


Animal  Stage 

Primitive 
Cave  Man 

Prehistoric 
Civilization 

Antiquity 


Since  about 
1250 

Since  about 
1400 

Since  about 
1710 

Since  about 
1820 

Since  about 
1890 

Since  about 
1900 

Since  about 
1955 


Domestic   Industrial   Industrial   Transportation 
Heat       Heat       Power 


Pov/er 


wood 
f  i  re 

wood 
f  i  re 

wood 
f  i  re 

wood 
f  i  re 

coal 


coal 
coal 

coal 

oil 
products 


wood 
f  i  re 

wood 
f  i  re 

coal 
coal 

coal 
coal 
coal 


wind 
water 

wind 
water 

wind 
water 


steam 
steam 


wind 
wind 
wind 

wind 

steam 


electricity  electricity 


electricity  electricity  petroleum 

motors 


o""!      electricity   atomic       atomic 
products  power        power 


Source:   Hans  Thirring  Energy  for  Man: 
Power  (Bloomington ,  Indiana: 
Press,  1958),  p.  32. 


Windmills  to  Nuclear 
Indiana  University 
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Energy  Systems  Theory  and  Economics 

For  purposes  of  this  paper,  economics  will  be 
restricted  to  the  study  of  that  "subsystem  of  the  total 
social  system  which  deals  primarily  with  exchange,  the 

institutions  of  exchange,  and  with  the  goods  or  services 

17* 
which  are  exchanged,"     Exchange  will  take  the  form  of 

mutually  agreeable  roles  where  one  person  says  to  another, 
"you  do  something  I  want  and  I'll  do  something  you  want." 
Within  this  context,  "economics  becomes  concerned  with  the 
allocation  of  the  scarce  means  and  resources  available  to 
satisfy  the  varied  and  unending  wants  of  the  social  sys- 
tem. "^^ 

Where  exchange  opportunities  are  continually  avail- 
able, it  pays  for  people  to  specialize  in  the  production  of 
one  commodity  which  can  be  exchanged  for  other  commodities 
similarly  produced  by  specialized  producers.   For  instance, 
the  U.S.  economy  is  a  vast  network  of  exchanges  or  trade 
where  individuals  are  dependent  upon  each  other.   An 
individual  does  not  as  a  general  rule  produce  for  himself 
any  significant  portion  of  the  goods  and  services  that  he 
wants  and  needs.   Indeed,  he  lacks  the  technical  skill 
required  to  produce  a  host  of  the  manufactured  goods  that 


*The  total  social  system  consists  of  all  the  people  in  the 
world,  all  the  roles  they  occupy,  all  their  patterns  of 
behavior,  and  all  their  interactions  with  the  other  systems 
and  subsystems  of  the  world  which  form  a  total  system  of 
the  planet  earth. 
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are  an  integral  part  of  his  standard  of  living.  Any  attempt 
by  one  individual  to  produce  such  a  variety  of  things  for 
himself  would  be  very    inefficient  and  v/asteful,  if  not 
impossible.   Accordingly,  the  bulk  of  the  goods  and  ser- 
vices utilized  by  Americans  are  purchased  from  a  large 
number  of  private  business  firms.   These  organizations 
specialize  in  various  phases  of  the  highly  complex  task  of 
transforming  the  resources  of  labor,  capital,  and  natural 
raw  materials  into  commodities  and  services. 

In  this  type  of  market  economy,  an  economic  concept 
which  may  be  called  the  "terms-of-trade"  becomes  important 
because  every   human  being  or  organization  within  the  social 

system  has  inputs  from  and  outputs  to  the  rest  of  the  so- 

1  9 
cial  system.    The  "terms-of-trade"  refers  to  the  ratio  of 

physical  inputs  received  to  the  physical  outputs  provided 

in  exchange  and  is  an  important  concept  in  understanding 

economic  behavior.   Typically,  favorable  "terms-of-trade" 

means  a  lot  of  input  is  received  relative  to  the  number  of 

units  of  output  given  up.   However,  when  the  inputs  and 

outputs  are  heterogeneous  aggregates  of  all  sorts  of  things, 

the  problem  of  measuring  and  communicating  the  results  of 

exchange  activity  (in  other  words,  the  problem  of  measuring 

one  relative  to  another),  of  necessity,  involves  valua- 


tion 


2Q 


Money  is  the  most  common  measure  of  value;  thus, 
for  the  existence  of  a  market  system  it  is  necessary  that 
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economic  activity  be  organized  in  terms  of  making  and 
spending  money.   In  other  words,  in  any  exchange,  "terms- 
of-trade"  may  be  measured  by  the  ratio  of  what  one  party 
gives  relative  to  what  he  receives  and  if  money  is  one  of 
the  things  exchanged,  the  ratio  of  exchange  becomes  what 
is  referred  to,  in  economic  terminology,  as  a  price. 
Moreover,  receiving  more  input  for  the  same  dollar  output 
means  a  lower  price  per  unit  of  input  purchased,  and,  thus, 
an  improvement  in  the  "terms-of-trade . " 

In  the  market  economic  system,  the  survival  of  an 
organization,  such  as  the  firm,  depends  on  its  capacity  to 
produce  outputs  of  a  total  value  at  least  equal  to  the 
acquisition  cost  of  its  inputs.   For  instance,  there  is  the 
theory  that  in  a  perfectly  competitive  market  the  price  of 
each  product  in  an  equilibrium  will  be  equal  to  the  average 
total  cost  of  the  marginal  firm.   The  average  price  is  the 
total  revenue  (money  inflow)  divided  by  the  physical  quan- 
tity of  the  output  commodity  or  commodities,  and  the 
average  total  cost  is  the  total  dollar  value  of  all  the 
inputs  divided  by  the  physical  quantity  of  the  output 
commodity.   The  theory  can  also  be  stated  as  follows:   in 
an  equilibrium  of  the  price  system  the  total  money  revenue 
of  the  marginal  firm  must  be  equal  to  its  total  cost, 
including  rent  and  normal  renumeration  of  capital. 

In  energy  systems  theory,  the  whole  economic  pro- 
cess is  regarded  as  one  by  which  "the  world  is  organized 
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into  structures  of  increasing  improbability  with  the 
accompanying  degradation  of  potential  (low  entropy)  energy 

to  high  entropy  energy  as  required  by  the  Second  Law  of 

21  * 
Thermodynamics."    Therefore,  the  process  of  production 

consists  of  transforming  inputs  of  higher  probability  (i.e. 
high  entropy)  items  (such  as  soils,  ores,  and  raw  materials 
of  all  kinds)  into  outputs  of  much  less  probable  things 
(such  as  automobiles,  buildings,  and  so  on)  by  utilizing 
available  energy  (i.e.  performing  work).    However,  con- 
sumption processes  then  continually  wear  down  these  im- 
probable structures  into  more  probable  items,  such  as  dust, 
soil,  chemical  minerals,  heat,  and  so  on.^^ 

With  respect  to  any  system  (social,  natural,  bio- 
logical, economic,  and  so  on),  three  broad  kinds  of  inputs 
and  outputs  can  be  identified: 

1.  Information  for  organizing,  operating  and 
maintaining  all  the  components  and  functions  of  the  system 
i tsel f ; 

2.  Matter  in  the  form  of  either  organized  or 
random  structures;  and 

3.  Potential  energy  or  work. 

When  energy  is  either  an  input  or  an  output  of  a  par- 
ticular system,  one  or  some  combination  of  three  types  of 
work  will  occur: 


*Recall  entropy  is  the  term  used  in  thermodynamics  to  desig- 
nate the  magnitude  of  disorder.   High  entropy  refers  to  a 
high  level  of  disorder  and  low  entropy  to  a  high  degree  of 
order. 
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a.  Storing  work  which  involves  the  force  of  one 
potential  energy  source  directed  against  the  back  force  from 
another  potential  energy  storage.   It  can  be  shown  that  the 
power  flow  when  storing  energy  at  an  optimum  rate  requires 

a  50  percent  drain.   Therefore,  the  energy  cost  of  the 
process  can  be  measured  either  by  the  energy  stored  or  by 
the  total  power  flow,  which  is  twice  the  storage  rate  when 
the  process  operates  in  optimal  fashion. 

b.  Processing  work  in  which  power  flows  from 
the 

energy  source  and  passes  through  the 
system,  arranging  matter  but  effecting 
no  storage  and  no  final  acceleration. 
All  the  energy  eventually  degrades 
into  the  heat  drain,  but  first  useful 
ends  are  accomplished.   Thus,  work  done 
against  frictional  forces  to  accomplish 
rearrangement  without  storage  leads  to 
100  percent  drain;  however,  arrangement 
of  structure  is  a  necessary  principal 
task  in  preserving  or  establishing  any 
kind  of  order,  whether  it  involves  the 
maintenance  of  a  living  being  or  the 
operation  of  an  industry.   The  energy 
cost  of  the  process  is  not  measured  in 
terms  of  the  energy  stored,  for  none 
is  stored;  but  it  may  be  measured  by 
the  power  delivered  to  accomplish  the 
work . 25 

c.  A  third  kind  of  work  involves  the  flow  of 
potential  energy  from  its  storage  into  the  acceleration  of 
objects.   That  is,  energy  is  passed  from  storage  into  the 
kinetic  energy  of  the  object.   But  this  class  of  energy 

flow  is  only  a  relative  energy  transfer  and  not  a  true  energy 
transformation  as  were  the  prior  two.   This  is  because  the 
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work  done  in  acceleration  requires  no  heat-sink  dispersal 
and  the  energy  stored  in  kinetic  form  is  still  available  to 
drive  other  kinds  of  work.   Thus,  energy  flows  involving 
accelerations  and  work  against  inertial  forces  are  not 
energetic  transformati ons  in  the  same  sense  that  those  re- 


quiring loss  of  potential  energy  ar( 


25 


Although  all  inputs  and  outputs  can  be  arranged  in 
one  of  the  above  three  cl ass i f ica tions  ,  i t  is  important  to 
note  that  each  of  the  three  may  take  a  large  number  of  dif- 
ferent forms.   Also,  output  of  more  organized  and  improbable 
structures  can  occur  only  if  at  least  one  of  the  three  types 
of  work  is  performed  by  a  system.   The  Second  Law  of 
Thermodynamics  states  that  this  requires  potential  energy 
to  be  degraded  from  low  entropy  to  high  entropy  energy. 
Moreover,  it  is  possible  to  determine  the  heat  value  of  the 
energy  degraded  in  accomplishing  the  necessary  work  to  trans- 
form inputs  into  a  desired  output. 

For  economic  exchange  almost  any  commodity  can  be 
used  as  money,  provided  it  is  generally  acceptable  to  sellers 
in  exchange.   It  is  the  function  of  money  that  is  important. 
As  the  medium  of  exchange,  it  serves  as  generalized  pur- 
chasing power.   Instead  of  being  forced  to  seek  out  that 
particular  person  who  has  just  exactly  what  is  desired  and 
who  is  willing  to  barter  it  for  exactly  the  commodity  owned, 
individuals  can  trade  with  money  which  greatly  simplifies 
the  system  of  exchange.   In  other  words,  when  people  earn 
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money  by  supplying  labor  and  other  services,  they  are  ex- 
changing these  resources  for  the  ability  to  obtain  a  portion 
of  the  current  output  of  goods  and  services. 

The  market  economic  system  may  be  broadly  illustra- 
ted in  Figure  1.   It  is  seen  that  business  firms  purchase 
natural  resources  (previously  discussed  as  the  input  termed 
matter),  and  hire  services  (potential  energy  input)  from 
the  owners  of  these  inputs.   The  money  payments  made  for 
these  in  the  form  of  wages,  interest,  rents,  and  so  on 
become  the  disposable  income  of  the  labor  system.*   In  turn, 
the  individuals  and  families  that  comprise  the  labor  system 
spend  their  disposable  income  for  the  goods**  and  services 
produced  by  businesses,  thereby  creating  the  demands  which 
businesses  try  to  satisfy  in  their  attempt  to  earn  money 
profits.   As  Figure  1  illustrates,  there  is  a  continuous 
flow  of  money  payments  from  consumers  in  the  labor  system 
to  business  firms  and  back  to  the  labor  system,  the  latter 
matches  a  flow  in  the  opposite  direction  of  productive 
services  and  finished  goods  and  services.   It  is  the  opposite 


*Here  the  labor  system  refers  to  all  of  the  individual 
people  living  in  a  specified  social  system, 

**An  economic  good  (either  an  energy  processor,  termed 
capital  equipment  and  consumer  durables  in  economics,  or 
a  nondurable  consumable)  may  be  defined  in  energy  systems 
terminology  as  a  high  probability  natural  resource  which 
has  been  changed--by  degrading  low  entropy  potential  energy 
in  the  performance  of  work--into  a  low  probability,  highly 
organized  form  of  the  type  desired  by  man  for  use  in  his 
living  process  or  social  system. 


FIGURE  1 


LEGEND 


1.  Natural  resources  (money  payments  go  to  labor  system 

since  raw  materials  are  owned  by  people). 

2.  Productive  services  and  natural  resources  utilized. 

3.  Productive  services. 

4.  Payments  for  productive  services  and  natural  resources 

by  users  of  these  items. 

5.  Income  of  individuals  who  provide  useful  services. 

6.  Money  payments  for  the  finished  goods  provided  by 

business  firms. 

7.  Finished  goods  used  and  consumed  by  people. 

8.  Output  of  finished  goods  for  people. 

9.  Money  payments  made  by  people  to  obtain  finished 

goods . 

10.   The  flow  of  used  (degraded) energy  and  matter  back  to 
the  natural  system.   The  matter  is  recycled  by 
natural  processes  and  the  degraded  energy  (i.e. 
heat)  radiates  from  the  earth. 
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flows  of  money  and  goods  and  services  that  compromise  the 
myriad  exchanges  that  are  the  most  readily  observed  feature 
of  the  economic  system.   The  heat  sinks  (Number  10)  illustrate 
that  the  consumed  goods  flow  back  to  the  natural  system  as 
waste  where  natural  processes  convert  them  back  to  their 
disordered  form  using  the  sun's  renewable  energy.   The  de- 
graded energy  is  radiated  from  the  earth  into  space. 

Figure  2  depicts  man's  economic  system  in  greater 
detail  utilizing  energy  systems  methodology  but  without 
being  concerned  with  the  ^ery   complex  subsystem  interactions. 
Here  solar  energy  results  in  plant  structure  being  produced 
in  the  natural  system  by  photosynthesis  and  respiration. 
Plants  then  provide  a  source  of  energy  for  both  man  and 
animals,  but  man  may  tap  this  natural  energy  source  in  the 
form  of  food  either  by  consuming  plants  directly  or  by 
consuming  other  animals. 

In  analyzing  natural  systems,  it  is  discovered  that 
minerals  recycling  is  an  example  of  what  is  called  a  feed- 
back loop  in  energy  systems  terminology,  and  it  is  "the 
natural  process  through  which  consumers  of  the  outputs  of 
a  system  reward  that  system  by  feeding  back  the  inputs 


necessary  to  the  production  of  more  output 


u27 


These  feedback  loops  provide  an  information  service  for 
connecting  producer  systems  to  consuming  systems.   As  stated 
by  Odum,  . 


FIGURE  2  -  LEGEND 


1.  Natural  energy  (from  sunlight)  utilized  directly 

by  man  (process  waste,  recreation,  etc.). 

2.  Natural  energy  utilized  by  the  natural  system. 

3.  Man's  waste. 

4.  Gross  energy  obtained  by  man  from  the  natural 

products  he  uses. 

5.  Animate  potential  energy  transformed  through  the 

natural  system  into  inanimate  fossil  fuel  potential 
energy. 

6.  Dollar  payments  for  productive  goods  and  services 

(energy  from  processing  or  storing  work)  and  for 
inanimate  energy  (stored  energy). 

7.  Goods  and  services  used  to  obtain  the  inanimate  energy. 

8.  Gross  inanimate  energy  consumed  by  man. 

9.  Dollar  payments  for  inanimate  energy. 

10.  Dollar  payments  for  productive  goods  and  services 

(energy)  and  for  natural  products  (energy). 

11.  Goods  and  services  (energy)  needed  to  obtain  natural 

products. 

12.  Gross  energy  equivalent  of  the  natural  products  used 

by  man. 

13.  Dollar  payments  for  natural  products. 

14.  Gross  inanimate  energy  from  the  natural  systems. 

15.  The  flow  of  degraded  energy  and  matter  back  to  the 

natural  system.   The  matter  is  recycled  and  the 
degraded  energy  radiates  from  the  earth. 
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this  information,  feedback  loop  process  has 
developed  in  nature  and  is  the  natural 
selector  because  the  absence  of  this  rein- 
forcing loop  would  eventually  result  in  the 
extinction  of  the  system  of  particular 
"consumers."   This  v/ould  occur  as  soon  as 
the  "producers"  delivered  all  the  nutrients 
available  to  them  to  the  consumers  as  food. 
Without  additional  nutrients  production 
ceases  and  the  consumers  starve.   The 
stronger  this  feedback  loop  the  more  neces- 
sary the  consumers  are  to  the  producer's 
survival;  thus,  there  is  a  fn'gher  pro- 
bability of  both  surviving. 28 

In  the  exchange  system,  money  serves  the  same  in- 
formation function  as  minerals  do  to  the  plant  system  by 
way  of  a  feedback  loop  in  which  consumers  feed  back  currency 
in  exchange  for  the  economic  goods  and  services.*   It  is 
this  feedback  loop  of  currency  to  business  firms  which 
motivates  business  firms,  and  indirectly  decides  what  com- 
modities will  be  produced  and  in  what  quantities,  how  the 

commodities  will  be  produced,  and  for  whom  the  commodities 

29 
will  be  produced.    Moreover,  the  assertion  that  the  money 

flow  system  is  the  control  mechanism  for  directing  economic 

activity  in  the  U.S.  social  system  is  supported  by  the 

economic  dislocation  which  was  observed  when  the  money  flow 

system  was  disrupted  because  of  the  near  collapse  of  the 

banking  system  during  the  1930's. 


*Highly  organized,  low  probability  forms  of  high  probability 

resources  formed  by  work  being  performed  with  the  associated 

expenditure  of  energy  as  required  by  the  Second  Law  of 
Thermodynamics. 


96 


In  addition,  further  observation  of  the  activities 
which  occur  in  natural  systems  indicate  that  metabolism  in 
a  biological  organism  is  parallel  to  production  in  an 
economy.   Metabolism  consists  esseiiti  a  1  ly  of  the  trans- 
formation of  inputs  into  outputs  in  accordance  with  a 
functional  relationship  between  them  with  an  associated 
degrading  of  potential  energy  as  work  is  done.   Thus,  any 
biological  organism  has  inputs,  such  as  food,  gases  from 
the  atmosphere,  water,  minerals  from  the  soil,  and  so  on;  it 
also  has  outputs  of  matter,  gases,  wastes,  and  ultimately  its 
dead  body  (i.e.  a  structure  of  tissue  built  through  bio- 
logical processing  of  the  inputs*).   In  other  words,  each 
subsystem,  natural  or  manmade,  is  a  "node"  in  a  network  of 
inputs  and  outputs  and  "the  network  must  ultimately  be 
circular  (through  feedback  loops)  or  subsystems  will  cease 
to  exist. "^° 

Man  must  perform  work  in  order  to  obtain  the  outputs 
of  the  natural  system  in  the  form  and  place  he  desires. 
Therefore,  the  actual  net  energy  available  to  man  is  equal 
to  the  gross  potential  energy  of  the  natural  outputs 


*Analagous  to  the  capital  equipment  sector  of  an  economic 
system  as  its  function  is  to  process  inputs  into  outputs 
which  function  then  to  process  more  inputs  into  outputs. 
The  biological  organism  devotes  part  of  its  processing  of 
inputs  to  maintenance  and  expansion  of  its  own  system 
which  then  is  available  to  process  additional  inputs  in 
the  future  and  this  expansion  will  continue  until  at  least 
one  of  the  inputs  becomes  a  limiting  factor. 
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minus  the  energy  degraded  in  the  task  of  obtaining  the 
natural  outputs  in  the  form,  condition,  and  location  desired 
by  man. 

The  natural  system  may  be  rewarded  by  receiving 
matter,  either  in  the  form  of  man's  waste  or  in  the  form  of 
various  organic  fertilizers  and  chemicals.   It  may  also  be 
rewarded  by  man  aiding  in  the  natural  processes.   For 
instance,  the  soil  may  be  tilled  to  facilitate  nature's 
production  of  the  plant  structure  or  animals  may  be  domes- 
ticated and  cared  for  in  order  to  provide  man  with  the  food 
he  needs  for  his  processes.   However,  some  of  these  rewards 
require  that  potential  energy  be  degraded  and  this  reduces 
the  net  potential  energy  which  is  obtained  from  the  natural 
system.   In  fact,  it  appears  that  unless  these  rewards  re- 
sult in  a  greater  increase  in  the  potential  energy  to  be 
obtained  from  the  natural  system  than  the  energy  expended 
in  providing  these  rewards,  the  social  system  is  better  off 
not  providing  the  reward.   The  owners  of  the  natural  sys- 
tem's outputs  also  receive  a  reward  in  the  form  of  a  monetary 
payment  for  the  natural  outputs  utilized  (e.g.  wood  and  food 
products  such  as  grains,  fish,  shrimp,  and  so  on  may  be 
typical  products  from  the  natural  system). 

In  addition  to  natural  systems  which  tap  the  daily 
energy  from  the  sun.  Figure  2  depicts  the  addition  of  stored 
solar  energy  in  the  form  of  fossil  fuel  to  the  system.   Man 
must  perform  work,  with  a  commensurate  expenditure  of  energy. 
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in  obtaining  and  processing  fossil  fuels.   But  the  energy  he 
controls  with  the  processed  fossil  fuels  is  far  greater  in 
magnitude  than  the  energy  he  expended  as  work  in  obtaining 
the  fossil  fuel.   Thus,  the  stored  fossil  fuels  provide  a 
net  energy  yield  to  man.   Man  then  uses  this  net  energy  to 
multiply  his  own  ability  to  perform  work.   It  is  this 
ability  to  work*  that  enables  man  to  "feedback"  to  the 
environment  and  manipulate  natural  systems  in  achieving  his 
desired  goals.   Thus,  man  utilizes  the  fossil  fuel  energy 
to  provide  the  power  which  enables  him  to  fashion  energy 
converters  (capital  equipment),  buildings,  and  other  eco- 
nomic goods  from  nature's  raw  materials.   Some  of  these 
goods  are  then  applied  in  the  natural  environment  to  either 
extract  more  raw  materials  or  to  aid  natural  systems  in 
carrying  out  a  function  useful  to  man  (such  as  using  fer- 
tilizers and  pesticides  to  increase  the  concentration  of 
nutrients  in  the  soil  thus  facilitating  the  photosynthesis-- 
respiration  process  of  food  producing  plants).   However,  it 
should  be  pointed  out  that  energy  is  also  needed  in  many 
cases  to  process  man's  waste  in  order  that  natural  systems 
will  not  be  harmed  (negatively  rewarded)  by  this  feedback 
of  waste.   There  is  some  debate,  at  present,  devoted  to 


*Work  is  done  when  weights  are  lifted,  when  objects  are 
arranged,  or  when  anything  useful  happens;  in  other  words, 
when  energy  from  a  potential  energy  source  is  flowing 
through  and  driving  a  useful  process,  it  is  described  as 
the  rate  of  doing  work.   See  Pages  87-88  for  types  of  work. 
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the  question  of  whether  man  might  not  be  better  off  ener- 
getically by  developing  natural  systems  (which  use  the 
energy  of  the  sun)  for  this  function  of  reprocessing  waste 
than  he  is  by  utilizing  his  limited  fossil  fuel  resources  in 
accomplishing  this  objective.   A  critical  problem  here  being 
the  corollary  question  as  to  whether  the  natural  system  can 
perform  this  reprocessing  function  without  any  subsidy  from 
man  given  the  chemically  complex  waste  which  modern  man 
generates. 

Conclusions 


Very    few  of  the  economic  goods  utilized  or  consumed 
by  man  are  found  in  their  raw  state  in  nature.   Rather,  they 
are  the  result  of  the  conversion  of  some  raw  material  found 
in  nature.   This  conversion  may  consist  merely  of  a  change 
in  time  or  place  but  it  must  be  made  in  order  to  create 
utility  for  the  vast  majority  of  the  economic  goods  enjoyed 
by  man.   Moreover,  work  must  be  performed  to  accomplish  this 
conversion  and  it  is  possible  to  physically  measure  the 
energy  equivalent  of  the  work  needed  to  produce  any  particu- 
lar economic  good.   As  summarized  by  Odum, 

it  has  been  shown  that  in  the  affairs  of 
forests,  seas,  cities,  and  human  beings, 
thepotential  energy  sources  that  are 
available  flow  through  each  process,  doing 
and  driving  useful  work  for  that  process. 
The  work  may  consist  of  storing  work,  pro- 
cessing work  ,  or  acceleration.   Therefore, 
the  availability  of  power  sources  determines 
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the  amount  of  work  activity  that  can  exist, 
and  control  of  these  power  flows  determines 
the  manipulation  possible  in  man's  affairs 
and  his  relative  influence  on  nature.   That 
any  and  every   process  and  activity  on  earth 
is  an  energy  manifestation  measurable  in 
energy  units  is  a  fact  of  existence.   One 
may  say  that  pehnomena  on  earth  are  energeti- 
cally determined. 31 

The  energy  systems  approach  can  be  used  to  ef- 
fectively describe  both  natural  systems  and  man's  economic 
activities.   This  conclusion  is  reached  because  it  is 
possible  to  state  all  inputs  and  outputs  in  terms  of  energy- 
either  the  stored  potential  energy  inherent  in  the  matter 
itself  or  the  potential  energy  degraded  in  performing  the 

ork  necessary  to  rearrange  high  probability,  disordered 
matter  into  low  probability,  ordered  matter.   Therefore,  it 
is  possible  to  relate  all  of  these  systems  as  they  are  all 
governed  by  the  laws  of  thermodynamics.   Odum  reaches  the 
same  conclusion  as  follows: 

Flows  and  storages  of  energy  and  matter  can 
be  mapped  and  quantified,  remembering  that 
many  materials  contain  potential  energy. 
For  instance,  the  discharge  of  organic 
waste  into  a  river  is  actually  a  discharge 
of  matter  and  potential  energy.   Eventually, 
through  the  action  of  microbial  heterotrophs , 
the  chemical  potential  is  released  in  the 
form  of  biological  energy,  and  the  matter 
is  degraded  to  its  elemental  nutrient  form. 
It  is  not  usual  to  think  of  matter  or 
nutrients  as  energy  but  they  are  as  neces- 
sary to  chemical  reactions  as  fossil  fuels 
or  human  labor  and  any  input  to  a  process 
has  its  energy  contribution  to  that  reac- 
tion.  Furthermore,  there  are  formulae  for 
calculating  the  energy  equivalent  value 
of  that  contribution. 32 
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In  ecological  systems  it  was  shov;n  that  there  is  a 
positive  feedback  loop  through  which  a  consumer  of  poten- 
tial energy  rewards  its  source  by  passing  necessary  ma- 

33 
terials  back  to  it.    Thus,  with  the  nutrients  circulating 

as  currency,  compatible  combinations  of  plant  and  animals 
are  self-rewarding.   In  other  words,  such  feedback  loops 
and  the  intertwining  of  loop  circuits  provides  the  system 
a  method  for  selecting  only  those  species  and  circuits  that 
contribute  to  the  whole  cycling,  because  species  whose  work 
efforts  are  not  reinforced  are  eliminated  as  soon  as  they 
utilize  all  the  raw  materials  or  energy  available  to  them. 
Moreover,  in  the  social  system,  man  himself  serves  at  the 
system  control  level,  as  a  selector  of  the  various  possible 
combinations  in  which  the  system  components  may  be  arranged. 
In  the  U.S.  this  selection  process  is  made  operational  via 
a  free  market  economy  where,  in  the  absence  of  market  dis- 
tortions, the  prices  for  items  in  abundant  supply  tend  to 
fall  and  the  prices  for  items  in  short  supply  tend  to  rise. 
A  decrease  in  price  encourages  producers  to  cut  back  produc- 
tion, thus  diverting  resource  inputs  to  other  uses.   Con- 
versely, a  rise  in  price  provides  the  economic  incentive  to 
expand  production  of  the  needed  components.   Thus,  in  man's 
complex  system  he  has  arranged  a  feedback  currency  that  is 
as  informative  as  the  geochemical  recycling  of  natural 
ecosystems.   He  invented  money,  which  is  fed  back  in  reward 
for  work  done.   The  "flow  of  each  population  is  thus  looped 
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to  at  least  one  other  population,  and  by  interconnecting 
loops  the  economic  system  provides  rewards  for  each  and  a 
means  by  which  the  system  components  are  des  i  gned .  ""^'^ 

Money  flows  keep  a  system's  members  contributing 
useful  work  for  the  network  and  provides  a  means  of  or- 
ganizing energy  flows.   Therefore,  money  may  be  considered 
a  form  of  potential  energy  (arising  out  of  its  ability  to 
control  or  command  and  call  forth  work)  and  the  dollar  flow 
is  the  amount  of  currency  the  consumer  must  supply  the 
producer  unit  in  order  for  the  particular  energy  flow 
(opposite  to  the  dollar  flow)  to  be  supplied  by  the  producer, 
Accordingly,  the  investigator,  utilizing  the  energy  systems 
approach,  may  visualize  any  economic  system  as  a  system  of 
counterbalancing  flows:  with  energy  (in  the  form  of  raw 
materials,  productive  goods  and  service,  or  finished  goods) 
flowing  in  one  direction  and  money  in  the  opposite  direction. 
This  result  provides  two  common  denominators  for  the  inputs 
and  outputs  of  any  economic  system: 

1.  The  money  flow  associated  with  the  particular 
input  or  output; 

2.  The  energy  flow  (or  the  work  expenditure) 
associated  with  the  particular  input  or  output. 


The  dollar  flow  divided  by  the  energy  flow  (in  heat  units) 
is  the  average  price  per  unit  of  energy  degraded  in  order 
to  make  the  particular  energy  flow  available. 
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Energy  is  a  rather  unique  commodity  and  this 
uniqueness  is  yery   analagous  to  the  unique  quality  found  in 
currency  (or  money).   Currency  possesses  its  uniqueness  be- 
cause it  is  a  medium  of  exchange;  in  other  words,  all  eco- 
nomic goods  can  be  measured  in  terms  of  currency  units 
because  money  values  express  the  relative  exchange  values 
of  one  economic  good  or  service  for  another  economic  good 
or  service.   Likewise,  the  energy  equivalent  measure  of  the 
work  needed  to  produce  economic  goods  can  serve  as  a  common 
denominator  for  describing,  relating,  comparing,  or  con- 
trasting various  economic  goods  jusfc  as  does  money.   Fur- 
thermore, this  energy  measure  can  be  calculated  by  con- 
sidering one  or  more  of  the  following  basic  sources  of 
energy:   fossil  fuel  energy,  human  energy  (for  either  labor 
or  information),  and  natural  energy  (which  generally  re- 
quires no  money  payment  for  energy  from  nature  in  the  form 
of  sunlight,  natural  waste  processing,  recreation,  and  such. 
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CHAPTER  IV 
THE  GENERAL  ENERGY  SYSTEMS 
RATIO  OF  EXCHANGE  MODEL 


The  discussion  of  Chapters  I  and  II  indicates  that 
many  accountants  are  questioning  the  interpretation  and 
usefulness  of  the  information  communicated  via  today's 
financial  statements  because  that  information  is  the 
result  of  using  acquisition  ratios  of  exchange  as  valua- 
tion coefficients  for  long-lived  productive  resource  in- 
puts.  In  the  case  of  the  statement  of  financial  position, 
it  is  pointed  out  that  measuring  long-lived  productive 
resources  in  terms  of  historical  cost  communicates  neither 
the  current  money  cost  which  would  be  incurred  by  an  ac- 
counting entity  to  acquire  similar  service  capabilities 
(reproduction  or  replacement  cost)  nor  the  amount  of  cash 
which  would  be  collected  if  the  entity  should  decide  to 
dispose  of  the  resources  (net  realizable  value).   Further- 
more, these  historical  amounts  do  not  reflect  the  dis- 
counted service  potential  of  the  resources  to  the  firm, 
which  is  the  theoretically  ideal  measurement  concept  to 
be  used  as  a  valuation  coefficient. 

In  addition,  the  critics  contend  that  the  tradi- 
tional income  figure  and  its  components  are  probably 
misleading.   When  prices  change  over  time,  the  difference 
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between  the  revenues  earned  during  any  accounting  period  and 
the  expenses  incurred  during  that  same  period  (with  some  of 
the  expenses  being  measured  in  terms  of  valuation  coef- 
ficients based  on  exchange  ratios  from  earlier  accounting 
periods)  does  not  necessarily  provide  an  accurate  indi- 
cation of  the  entity's  current  profit  generating  capa- 
bilities.  This  result  occurs  because  the  traditional 
profit  figure  combines  the  results  of  management  operating 
activity  with  the  unrecorded  results  of  input  resource 
holding  activity  during  time  periods  when  the  prices  of 
input  resources  are  changing.   It  is  believed  that  better 
business  decisions  will  be  made  if  the  results  of  holding 
activities  are  reported  separately  from  the  results  of 
operating  activities. 

In  order  to  separate  operating  results  from  holding 
results,  a  method  of  estimating  current  ratios  of  exchange 
for  older  style  input  resources  must  be  developed.   This 
chapter  will  deal  with  the  development  of  a  price  model  in 
terms  of  general  energy  systems  theory,  which  will  provide 
estimates  of  replacement  or  reproduction  ratios  of  exchange 
for  older  style  resources  by  utilizing  the  readily  obtain- 
able market  prices  for  newer  styles  of  similar  resources. 
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The  General  Energy  Systems  Currency 
Exchange  Ratio  Model 


The  underlying  premise  of  the  general  energy 
systems  approach,  upon  which  the  energy  price  model  is 
based,  is  that  energy,  in  the  form  of  goods  and  services, 
flows  in  the  opposite  direction  to  money,  the  payment 
mechanism  for  the  goods  and  services.   Therefore,  an 
average  price  per  unit  of  energy  can  be  determined  at  any 
aggregate  level  desired  by  simply  dividing  the  dollar  flows 
by  the  energy  flows  at  that  particular  level.   For  the 
overall  U.S.  economy  this  model  may  be  stated  as: 


Average  Price  Per 
Unit  of  Energy 
for  the  Economy 


Sum  of  all  prices  times  all 
quantities  of  goods  and  services 
Sum  of  energy  equivalents  of 
all  resource  inputs  used  in 
producing  the  output  of  goods 
and  services 


A  more  general  formulation  of  the  general  energy 
systems  price  model  can  be  mathematically  expressed  as 
fol lows: 


Estimated  Average  Price 
per  Unit  of  Energy  for 
a  Long-Lived  Productive 
Resource 


Pi^i 

2E. 
1 


Where; 


'  1 

qi 

E,- 


the  average  price  of  output  i; 
the  average  quantity  of  output  i ; 
the  energy  equivalents  of  all  the  re- 
source inputs  utilized  to  produce  q-j, 
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In  order  to  fully  understand  the  operation  of  this  model  it 
is  necessary  to  examine  a  hypothetical  example.   However, 
before  the  illustration  can  be  discussed  it  is  necessary 
to  consider  another  important  concept--the  concept  of 
economic  efficiency. 


The  Concept  of  Economic  Efficiency 

Overall  Economic  Efficiency . 

Overall  economic  efficiency  refers  to  a  system's 
ability  to  transform  raw  materials  into  the  goods  and 
services  required  by  that  system.   Thus,  economic  efficiency 
may  change  not  only  because  of  changes  in  the  efficiency  of 
extracting  the  heat  available  to  do  work  from  fuels  or  the 
efficiency  of  conversion  of  heat  into  a  desired  form  of 
work,  but  also  because  of  changes  in  the  structure  of 
output,  changes  in  the  overall  productive  efficiency  of  the 
economy,  and  changes  in  consumers  demand  functions. 

A  change  in  the  structure  of  output  refers  to  either 
a  change  in  the  relative  proportions  of  the  various  products 
produced  or  a  change  in  the  quality  of  the  products  produced. 
A  change  in  the  relative  proportions  of  the  various  outputs 
may  cause  some  variation  in  efficiency,  because  some 
products  require  less  work  per  unit  to  produce  than  do 
others.   In  addition,  a  product  of  improved  quality  gen- 
erally requires  more  work  to  convert  the  raw  materials  into 
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the  desired  finished  good  than  does  the  "lov/er  quality 
product,  assuming  constant  overall  productive  efficiency. 

The  overall  productive  efficiency  of  the  economy 
refers  to  the  work  flows  needed  in  order  to  produce  the 
desired  outputs,  to  provide  the  reinforcing  feedback  loops 
to  producers,  and  to  support  various  control  structures  and 
activities  (for  example,  the  banking  system,  government 
systems  at  all  levels,  and  upper  management  systems)  rela- 
tive to  the  quantity  of  desired  outputs  produced.   In  other 
words,  overall  productive  efficiency  is  affected  by  the 
amount  of  work  which  is  necessary  for  the  extracting, 
processing  and  transporting  of  raw  materials;  for  the 
construction  and  operation  of  conversion,  processing,  and 
tranrsportation  facilities;  for  the  transportation,  storing, 
and  marketing  of  finished  goods;  and  for  the  formation  and 
operation  of  needed  control  structures  (such  as  government 
systems  for  defense,  social  stability,  regulation  to  ensure 
equity  for  all  members  of  the  system,  and  waste  processing 
to  protect  natural  systems). 

A  change  in  the  consumer  demand  function  refers  to 
a  subjective,  social  type  evaluation  of  final  outputs  com- 
monly known  in  economics  as  consumer  utility  or  satisfac- 
tion.  In  general,  it  states  that  a  given  output  may  be- 
come either  more  important  or  less  important  to  consumers 
relative  to  other  outputs  as  time  passes.   For  example, 
from  the  biological  sciences,  it  is  learned  that  blood 
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sugar  is  converted  by  the  human  body  into  various  forms 
of  energy.   In  winter  or  summer,  muscular  exertion  requires 
chemical  change  which  also  results  in  energy  in  the  form  of 
high  entropy  heat.   In  the  winter  heat  is  desirable  and  may 
be  an  end  in  itself  for  purposes  of  warming  the  body.   But 
in  the  summer,  heat  may  be  undesirable  and  its  reduction 
is  welcomed.   So  the  efficiency  of  the  body  in  converting 
food  into  work  would  vary  from  season  to  season  with  the 
change  in  ends  desired.*   Therefore,  the  efficiency  of  any 
energy  converter  may  be  measured  by  the  proportion  of  the 
energy  which  it  has  converted  into  the  form  desired.   For 
instance,  it  has  been  estimated  that  "somewhat  less  than 
3  percent  of  the  sunlight  falling  on  the  U.S.  could  be 
converted  into  other  forms  of  energy  by  plants.**   However, 
corn,  which  is  believed  to  have  the  largest  heat-energy 
return  of  all  man's  food  crops,  stores  only  about  3/10  of  1 
percent  of  the  radiant  energy  falling  on  the  land  where  it 
is  grown  as  actually  digestible  calories  even  with  a 
bumper  crop."^   Thus,  while  the  efficiency  of  plants  in 
utilizing  sunlight  for  their  own  maintenance  as  well  as 
for  building  plant  structure  is  about  3  percent,  the 


*This  cause  of  a  change  in  economic  efficiency  is  'very 
interrelated  to  the  change  in  the  structure  of  output. 

**The  limits  of  the  use  of  radiant  energy  by  plants  are 
fixed  by  the  nature  of  photosynthesis  itself  which  varies 
with  the  species  as  well  as  with  the  climate,  soil,  and  so 
on-- in  other  word,  location. 
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efficiency  of  plants  in    providing  edible  plant  structure 
for  man  is  less  than  4/10  of  1  percent. 

The  main  point  is  that  vn'thout  a  knowledge  of  the 
forms  of  energy  being  sought  there  is  no  means  to  determine 
efficiency.   For  purposes  of  this  study,  it  will  be  assumed 
that  man  performs  work  in  order  to  supply  goods  and 
services.*  Therefore,  overall  economic  efficiency  will  be 
defined  as  the  quantity  of  energy  equivalent  measures  for 
the  resource  inputs  nu-ded  to  produce  a  particular  output 
relative  to  the  quantity  of  output  produced.   It  may  be 
computed  by  multiplying  the  economic  productive  efficiency 
times  the  relative  input  transformation  efficiency  of  the 
goods  produced. 


Economic  Productive  Efficiency. 

Economic  productive  efficiency  measures  the  heat 
value  of  the  input  energy  degraded  in  producing  the  output 
relative  to  the  quantity  of  goods  and  services  provided.** 
An  index  for  measuring  it  over  time  is  given  by  the  follow- 
in  formula: 


Vt±X    ^ 3 1 


Where: 


^Eit-^j   ^f^at 


=  productive  efficiency  index; 


*See  Chapter  I--Assumptions 

**In  this  situation  it  is  not  possible  to  compare  the  heat 
value  of  the  goods  and  services  produced  because  a  great 
majority  of  work  done  in  the  economy  is  processing  work, 
thus,  little,  if  any,  energy  is  stored. 
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it+j 


it+j 


iQt 


at 


=  quantity  of  output  goods  "i" 
produced  in  the  current  time 
period  t+ j ; 

^  energy  equivalents  at  constant 
energy  quality  for  all  the 
resources  inputs  used  to  produce 
the  output  goods  in  the  current 
time  interval  t+j ; 

=  quantity  of  output  goods  "a" 
(which  must  be  identical  to 
or  similar  in  use  to  output  "i") 
produced  during  the  base  time 
interval  t; 

=  the  energy  equivalent  at  constant 
energy  quality  for  all  the  resource 
inputs  used  to  produce  the  outputs 
"a"  in  the  base  time  interval  t. 


Relative  Input  Transformation  Efficiency 
of  Productive  Resources. 

The  relative  input  transformation  efficiency  of 

productive  goods  refers  to  the  change  in  economic  efficiency 

arising  out  of  changes  in  the  quality  of  output  produced  in 

one  year  relative  to  output,  which  has  a  similar  end  use, 

of  a  previous  year.   The  relative  input  transformation 

efficiency  of  output  goods  over  time  intervals,  for 
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consumer  durables  which  are   made  for  the  purpose  of 
processing  energy  as  well  as  for  capital  equipment,  is 
given  by  the  formula: 


TT  =  '^ixt+j  ^  5i.yJ. 
ixt+j    ayt 


Where:   IT, 


•^ixt+j 


ixt+j 


'ayt 


=  index  of  the  relative  input 
transformation  efficiency  of  a 
specified  long-lived  productive 
resource  over  time; 

^    the  quantity  of  output  "i" 
produced  using  specified  pro- 
ductive resource  "x"  during  the 
current  time  interval  t+j ; 

=  the  energy  equivalents  at 

constant  energy  quality  of  all 
the  resource  inputs  needed  to 
produce  output  "i"  with  speci- 
fied productive  resource  "x" 
during  the  current  time  interval 
t+j; 

=  the  quantity  of  output  "a"  (which 
must  be  identical  to  or  similar 
in  use  to  output  "i")  produced 
by  using  specified  long-lived 
productive  resource  "y"  (identical 
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ayt 


to  or  performing  a  similar 
function  as  productive  resource 
"x"  during  the  base  time  interval 

t; 

=  the  energy  equivalent,  at  constant 
energy  quality,  of  the  resource 
inputs  needed  to  produce  output 
"a"  with  specified  productive 
resource  "y"  during  the  base 
time  interval  t. 
At  the  present  time  there  is  no  mathematical  measure  to 
determine  changes  in  the  quality  of  an  output  when  such 
output  does  not  itself  process  energy  into  other  forms 
of  output,  but  for  this  study,  the  major  concern  is  for 
long-lived  productive  resources. 


Efficiency  Concepts  and  the  Ratio  of  Exchange  Model. 

A  logical  inference  may  be  made  from  the  general 
formulation  of  the  energy  systems  ratio  of  exchange  model 
stated  above  as  follows:   the  average  price  per  unit  of 
energy  will  vary  if  either  the  dollar  flow  or  energy  flow 
varies  relative  to  the  other.     ..'    . 

While  the  price  for  any  particular  economic  good(s) 
or  service(s)  is  determined  by  the  interactions  of  supply 
and  demand,  its  price  is  constantly  changing  because  both 
consumer  demands  and  producer's  responses  to  these  demands 
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are  constantly  changing.   Implicit  in  this  supply-demand 
interaction  is  the  notion  of  output  quality--the  ability 
of  a  particular  output  to  perform  the  function  that  it  is 
produced  to  perform.   When  the  output  quality  of  a  given 
good  changes,  one  should  expect  the  new  improved  style  to 
be  more  valuable  than  its  older  counterpart  because  the 
present  value  of  the  sum  of  future  benefits  for  the  newer 
style  will  be  higher.   Therefore,  in  order  to  properly 
evaluate  the  price  change  of  the  older  style  of  a  specified 
long-lived  productive  resource  by  analyzing  current  prices 
of  the  newer  style,  there  must  be  some  way  to  segregate 
price  changes  due  to  changes  in  economic  good  quality  from 
price  changes  caused  by  the  myriad  of  other  factors.   In 
economics  this  adjustment  must  be  made  subjectively  as  it 
is  extremely  difficult  to  measure  quality  mathematically. 
However,  for  productive  resources,  energy  systems  theory 
provides  a  measuring  technique,  described  above  as  the 
input  transformation  efficiency.   The  critical  economic 
assumption  which  is  made  in  formulating  this  measure  is 
that  the  difference  in  price  between  two  productive 
resources,  identical  in  all  respects  except  that  one  is 
more  efficient  in  performing  its  function  than  the  other, 
must  be  proportional  to  their  difference  in  efficiencies. 

Energy  flows  vary  either  because  of  changes  in 
the  productive  efficiency  of  producer  units  in  transforming 
resource  inputs  into  specified  outputs  or  because  of  changes 
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in  quantity  of  goods  and  services  needed  within  a  given 
social  system.   The  effects  of  changes  in  the  quantity  of 
economic  goods  and  services  are  implicit  in  the  general 
energy  systems  price  model.   In  addition,  the  mathematical 
formulation  for  a  measure  of  productive  efficiency  is  given 
above.   The  assumption  made  in  deriving  this  measure  is 
that  the  economic  system  has  evolved  for  the  purpose  of 
transforming  resource  inputs  into  economic  goods  and 
services.   Therefore,  productive  efficiency  is  the  quantity 
of  economic  goods  and  services  provided  relative  to  the 
energy  consumed  in  producing  them.   It  must  be  stated  that 
productive  efficiency  may  change  for  any  number  of  reasons; 
however,  there  is  no  need  to  analyze  each  of  these  sepa- 
rately for  this  particular  inquiry.   All  that  is  necessary 
for  estimating  a  current  ratio  of  exchange  using  general 
energy  systems  concepts  is  the  ability  to  segregate  that 
portion  of  a  change  in  the  price  of  a  specified  resource 
which  results  from  changes  in  productive  efficiency  from 
an  overall  price  change.   Moreover,  the  productive  efficien- 
cy concept  is  needed  only  when  it  is  necessary  to  estimate 
the  current  ratio  of  exchange  for  an  older  style  resource 
via  an  analysis  of  prices  for  newer  styles  of  similar 
resources. 


118 


Imp!  ementation  of  the  _Geri era1  Energy  Systems 
Exchange  Rati o  "Model --A  Hypothetical  Analysis 


For  purposes  of  this  hypothetical  example,  both 
productive  efficiency  and  relative  input  transformation  ef- 
ficiency will  be  assumed  to  be  constant.   Examples  showing 
the  operation  of  these  two  concepts  in  an  integrated  energy 
systems  approach  will  be  discussed  in  Chapter  V.   The 
implementation  of  a  general  energy  systems  price  model  will 
be  described  in  terms  of  three  operational  steps:   (1) 
economic  data  collection  and  processing,  (2)  calculation 
procedures  to  be  performed  by  the  practicing  accountant, 
and  (3)  the  recording  and  reporting  of  changes  in  ratios 
of  exchange. 


Economic  Data  Collection  Processing 

The  first  step  for  making  any  model  operational  is 
the  collection  of  data.   The  data  inputs  to  the  general 
energy  systems  ratio  of  exchange  model  were  discussed  in 
Chapter  I.   In  addition,  it  was  noted  that  some  of  the 
energy  flow  data  is  unavailable  at  the  present  time.   Ac- 
cordingly, all  of  the  data  in  the  example  is  hypothetical 
data  constructed  for  illustrative  purposes  only.   As  is  the 
case  with  most  economic  data,  the  dollar  flow  and  the  output 
quantity  information  is  available  from  many  different 
sources.   Unfortunately,  the  data  for  identical  items  is  not 
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consistent  among  all  sources.   Therefore,  the  decision  must 
be  made  as  to  which  source(s)  provides  the  best  information. 
In  addition  to  the  raw  data  collection,  the  applica- 
tion of  a  general  energy  systems  approach  to  the  calcula- 
tion of  an  average  price  per  unit  of  energy  input 
equivalent  involves  a  level  of  aggregation  problem.   Stated 
another  way,  this  problem  refers  to  how  specific  a  particu- 
lar price  per  unit  of  energy  must  be  in  order  to  be  useful. 
For  example,  the  most  common  expression  of  an  average  price 
per  unit  of  energy  input  equivalent  is  the  computation  of 
an  average  price  for  the  whole  economy.   On  the  other  hand, 
the  most  specific  calculation  is  the  computation  of  an 
average  price  per  unit  of  energy  equivalent  for  each  style 
of  each  product  which  is  produced  by  each  entity  operating 
in  the  economy.   The  average  price  per  unit  of  energy  for 
any  specific  output  may  vary  widely  from  the  average  price 
per  unit  of  energy  for  the  entire  economy.   However,  the 
computation  of  an  average  price  per  unit  of  energy  at  the 
most  micro-economic  level  possible  would  require  the 
generation  of  a  huge  physical  volume  of  data  at  a  tremendous 
dollar  cost.   Accordingly,  this  writer  believes  that  an 
appropriate  level  of  aggregation  can  be  formulated  somewhere 
between  the  two  extremes  described  above.   But  this  problem 
can  only  be  resolved  by  empirical  research  in  order  to 
determine  particular  aggregation  groupings  that  minimize 
the  dispersion  of  the  average  price  per  unit  of  energy  input 
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equivalent  for  each  specific  output  to  be  included  in  a 
grouping  about  the  average  price  per  unit  of  energy  for  an 
entire  grouping  combined.   The  benefit  of  minimizing  this 
dispersion  must  be  balanced  against  the  higher  cost  gener- 
ally associated  with  increased  accuracy  (less  dispersion 
about  the  mean). 

A  simple  hypothetical  example  may  serve  to  clarify 
the  discussion  concerning  the  aggregation  problem.   Con- 
sider the  data  shown  in  Table  4.   Assume  wheat  requires 
100,000  BTU's  per  unit  and  shirts  250,000  BTU's  per  unit  to 
produce  for  each  period.   The  average  price  per  unit  of 
energy  input  equivalent  for  both  products  together  for  each 
period  is: 


for  t. 


Pest  0 


^Pio^io 


$210 


ZE 


10 


12.5  X  10^  BTU's 


=  $.0168  per  thousand  BTU's 


for  t- 


^Pil^il 


est  1 


$310 


SEii       11.25  X  10^  BTU's 
=  $.0276  per  thousand  BTU's 


These  computations  indicate  that  the  average  price  per  unit 
of  energy  in  the  form  of  the  combination  of  wheat  and 
shirts  increased  about  65  percent.   However,  consider  the 
price  change  of  each  product  individually.   A  unit  of 
wheat  in  tQ  sold  for  $1.80  and  took  100,000  BTU's  to  produce 


TABLE  4.   PRICE  AND  QUANTITY  INDICES 
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For  time  t^  q  P  q  P 


Wheat  50  $1 .80        $  90 

Shirts  30  4.00        120 


TOTAL  $210 


For  time  t-]  q  P  q  '^ 


Wheat  100  3.00         $300 

Shirts  5  2.00  10 


TOTAL  $310 


Source:   Kenneth  Boulding,  Economic  Analysi s--Volume  II 
(New  York:   Harper  and  Row,  1966),  p.  24. 


122 


for  an  average  price  of  $.018  per  thousand  BTU's.   A  shirt 
in  t^  sold  for  $4.00  and  required  250,000  BTU's  to  produce 
for  an  average  price  of  $0,016  per  thousand  BTU's.   But  in 
period  t^  a  unit  of  wheat  sold  for  $3.00  for  an  average 
price  of  $.03  per  thousand  BTU's,  and  a  shirt  sold  for 
$2.00  for  an  average  price  of  $.008  per  thousand  BTU's. 
Therefore,  the  average  price  per  unit  of  energy  for  both 
products  combined  increased  by  55  percent,  while  the  average 
price  per  unit  of  energy  used  to  produce  wheat  increased  by 
67  percent  and  the  average  price  per  unit  of  energy  used  to 
produce  shirts  declined  by  50  percent.   This  apparent  dis- 
tortion occurs  because  during  the  interval  tg,  60  percent 
of  the  energy  used  for  the  production  of  these  two 
products  combined  was  used  for  the  production  of  shirts-- 
the  product  with  the  lowest  price  per  thousand  BTU's.   Thus, 
the  average  price  per  thousand  BTU's  for  both  products  was 
slightly  less  than  the  simple  average  of  the  energy  price 
for  the  two  products.   On  the  other  hand,  during  time 
interval  t^  the  product  mix  changes  such'  that  89  percent  of 
the  energy  used  for  both  products  was  used  to  produce  the 
higher  priced  product--wheat.   Therefore,  the  average  price 
per  unit  of  energy  for  both  products  combined  was  skewed  in 
the  direction  of  the  higher  priced  product.   Any  calculation 
of  an  overall  average  price  per  unit  of  energy  equivalent 
for  a  grouping  of  heterogeneous  outputs  may  be  distorted  by 
product  mix  changes,  when  there  is  a  wide  dispersion  of  the 
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average  price  per  unit  of  energy  for  each  specific  output 
included  in  the  grouping  about  the  overall  average  price 
per  unit  of  energy  for  the  entire  group  of  outputs  combined. 
Therefore,  it  is  desirable  to  group  or  aggregate  specific 
outputs  in  such  a  manner  that  the  dispersion  is  minimized. 
One  preliminary  proposition  advanced  in  the  case  of  long- 
lived  resources  is  that  the  average  price  per  unit  of  energy 
equivalent  for  a  resource  to  be  used  for  a  specified  purpose 
is  logically  expected  to  be  approximately  equal  to  the 
average  price  per  unit  of  energy  equivalent  for  all  other 
resources  which  can  be  used  for  similar  purposes.   The 
analytical  reasoning  underlying  such  a  conclusion  may  be 
expressed  as  follows:   if  this  expected  end  result  is  not 
the  case,  free  market  competition  is  expected  to  result  In 
resource  inputs  being  diverted  from  the  production  of  the 
long-lived  resource  which  is  priced  at  a  low  price  per  unit 
of  energy  input  equivalent  relative  to  the  others  to  be 
used  to  produce  the  long-lived  resources  which  are  priced 
at  a  high  price  per  unit  of  energy  equivalent  relative  to 
the  others.   This  process  is  expected  to  continue  until  the 
average  prices  per  unit  of  energy  equivalent  for  all 
substi tutabl e  long-lived  resources  are  approximately  equal. 
It  must  be  noted,  however,  that  this  form  of  logical  reason- 
ing cannot  result  in  a  warranted  conclusion  without  empiri- 
cal verification. 
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The  many  sources  of  economic  data  in  combination 
with  the  fact  that  each  source  may  report  information 
inconsistent  with  each  other  source  and  the  statistical 
problems  inherent  in  determining  the  level  of  aggregation 
leads  to  the  conclusion  that  this  first  step  could  best  be 
undertaken  at  the  professional  1 evel --perhaps  by  a  special 
AICPA  committee.   It  is  believed  that  the  gathering  of  the 
raw  input  data,  the  statistical  determination  of  the  level 
of  aggregation  necessary,  the  computation  of  the  empirical 
measure  for  both  productive  efficiency  and  input  trans- 
formation efficiency,  as  well  as  the  calculation  of  the 
average  ratio  of  exchange  per  unit  of  energy  input 
equivalent  for  each  category  of  resources  at  the  profes- 
sional level,  will  serve  to  both  reduce  cost  and  provide 
more  objective  and  accurate  data.   Table  5  illustrates  the 
proposed  hypothetical  output  of  such  a  committee  for  two 
years  (1974  and  1978).*   In  this  example  the  information  is 
classified  consistent  with  the  standard  industrial  classifi- 
cation system  used  by  the  Board  of  Governors  of  the  Federal 
Reserve  System  when  computing  the  index  of  industrial 


*The  calculations  may  be  performed  and  published  as  fre- 
quently or  infrequently  as  is  deemed  necessary  given 
the  degree  of  accuracy  desired  as  contrasted  with  the 
cost  associated  with  accuracy.   See  Appendix  A  for  a 
discussion  of  the  procedures  followed  in  calculating  the 
average   ratio  of  exchange  per  unit  of  energy. 
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production  for  the  U.S.*   It  cannot  be  overemphasized  that 
this  example  in  no  way  suggests  that  this  classification 
scheme  is  to  be  preferred  over  any  others.   Any  conclusions 
concerning  classification  can  only  be  stated  after  addi- 
tional empirical  research  has  been  completed. 

Calculation  Procedures  for  the  CPA . 

It  is  also  necessary  to  discuss  this  second  step 
for  implementing  the  energy  systems  ratio  of  exchange  model 
in  terms  of  a  hypothetical  case.   For  example,  assume  compa- 
ny A  builds  a  large  production  facility  in  1974.   As  stated 
above,  the  accounting  problem  for  1975,  as  well  as  for  all 
future  time  intervals  until  the  end  of  the  useful  life  of 
the  facility,  is  to  determine  both  the  currency  value  of 
the  service  capabilities  utilized  during  each  accounting 
period  and  the  currency  value  of  the  future  service  capa- 
bility remaining  at  the  end  of  each  accounting  period.   It 
has  been  assumed  that  financial  statement  users  desire 
valuation  coefficients  based  on  current  ratios  of  exchange 
as  opposed  to  those  based  on  acquisition  ratios  of  ex- 
change.** Therefore,  in  the  example  being  formulated  here, 
the  financial  information  desired  for  a  future  year,  such 
as  1978,  must  be  calculated  based  on  the  ratios  of  exchange 


*How  many  classifications  are  to  be  reported  depends  upon 
how  specific  the  average  ratios  of  exchange  must  be. 


** 


See  Chapter  I--Assumptions 
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prevailing  in  1978.   However,  there  may  not  be  any    pro- 
ductive resources  identical  in  every  respect  to  company  A's 
productive  facility  being  sold  or  exchanged  in  1978.   But, 
when  it  is  realized  that  A's  productive  facility  is  an 
organized  set  of  many  component  parts  (such  as  machines, 
belts,  and  buildings),  it  becomes  obvious  that  there  is  a 
likelihood  that  components  similar,  if  not  identical,  to  the 
component  parts  of  A's  facility  will  be  produced  and  sold  in 
1978.   The  first  step  of  implementing  the  general  energy 
system  model  described  above  showed  that  a  professional 
committee  would  be  responsible  for  gathering  economic  data 
concerning  market  transactions  for  these  component  resources. 
Furthermore,  this  data  would  be  grouped  according  to  a  par- 
ticular level  of  aggregation  scheme  previously  decided  and 
an  average  price  per  unit  of  energy  input  equivalent  would 
be  calculated  for  each  grouping.   In  addition,  an  index  of 
average  productive  efficiency  and  an  index  of  average  input 
transformation  efficiency  will  be  calculated  for  each 
grouping.*  The  second  step  will  describe  how  managerial 
accountants  independent  auditors,  and  others  responsible  for 
valuation  of  resources  can  use  the  data  generated  by  the 
professional  committee  to  estimate  the  current  reproduction 
or  replacement  exchange  ratio  of  a  long-lived  productive 
facility  acquired  during  an  accounting  period. 


*Hypothetical  output  from  such  procedures  is  depicted  in 
Table  5. 
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Consider  company  A's  facilities  when  they  are  con- 
structed in  1974.   At  this  time,  it  is  necessary  for  the 
measurer  to  carefully  classify  all  of  the  dollar  expendi- 
tures incurred  to  acquire  the  facilities  in  terms  of  the 
various  classifications  used  by  the  AICPA  committee  in 
reporting  the  average  prices  per  thousand  BTU's  of  energy 
input  equivalent.   For  example,  assume  the  facilities  re- 
quire the  expenditures  shown  in  colume  one  of  Table  5  for 
the  various  resources.   The  total  capitalized  cost  of  A's 
facilities  equals  $6,000,000  which  is  allocated  into  classi- 
cati-ons  corresponding  to  those  shown  in  Table  5.   Now,  the 
energy  equivalent  of  the  input  resources  degraded  in  pro- 
ducing A's  manufacturing  facilities  may  be  computed  by 
dividing  the  dollar  expenditures  for  each  classification  by 
the  average  price  per  thousand  BTU's  of  energy  input  equiva- 
lent for  the  same  classifications  as  reported  in  Table  5. 
The  third  column  of  Table  6  shows  the  energy  equivalents  for 
the  resource  inputs  used  to  construct  company  A's  facilities. 
The  energy  equivalents  for  all  of  the  inputs  used  in  con- 
structing A's  facilities  total  489.9  x  10^  BTU's.   Dividing 
the  $6,000,000  cost  by  489.9  x  10^  BTU's  given  an  average 
price  of  $.0122  per  thousand  BTU's  for  the  entire  productive 
facility.   The  last  two  columns  of  Table  6  show  that  this 
same  result  may  be  obtained  by  calculating  a  wei ghted average 
of  the  prices  per  unit  of  input  equivalent  for  each  resource 
classification,  where  the  weight  for  each  individual  price 
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is  the  energy  contribution  of  each  classification  relative 
to  the  total  energy  equivalent  for  the  facilities.   There- 
fore, in  1978  the  average  price  per  unit  of  energy  input 
equivalent  for  the  entire  facility  may  also  be  computed  by 
calculating  a  weighted  average  of  the  average  price  per 
unit  of  energy  for  each  group  of  resource  inputs  used  in 
constructing  the  facilities.   This  computation  is  illus- 
trated in  Table  7. 

The  timing  of  the  release  of  services  to  accounting 
time  intervals  may  be  done  by  applying  any  of  the  arbitrary 
depreciation  methods  currently  accepted  to  the  energy  in- 
put equivalent  measure  for  the  long-lived  productive 
resource.   For  example,  assume  company  A's  facilities  are 
expected  to  have  a  useful  life  of  ten  years  and  the  straight 
line  method  of  depreciation  is  adopted.   Each  year,  from 
1974  to  1984,  the  currency  value  of  48.99  x  10^  BTU ' s  of 
energy  equivalents  in  the  form  of  company  A's  production 
unit  structure  will  be  included  as  a  depreciation  expense. 
Thus,  for  1978  the  depreciation  expense  would  be  about 
$1,040,000  (48.99  x  10^  BTU's  x  $.2123  per  thousand  BTU's). 
The  replacement  cost  of  the  remaining  service  potential  of 
the  resource  at  the  end  of  1978  would  total  approximately 
$5,200,000.   This  amount  is  determined  by  multiplying  the 
1978  energy  equivalent  measure  of  the  resource  times  the 
average  energy  exchange  ratio  for  resource  inputs  of  the  type 
employed  in  constructing  the  long-lived  resource  (244.95  x 
10^  BTU's  X  $.02123  per  thousand  BTU's). 
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Recording  and  Reporting  Financial  Results . 

The  recording  and  reporting  of  financial  results, 
problems  which  stem  from  changes  in  the  ratios  of  exchange  . 
computed  using  the  general  energy  systems,  approach,  are 
identical  to  the  problems  encountered  using  any  other  method 
which  proposes  valuation  coefficients  based  on  ratios  of 
exchange  other  than  acquisition  cost.   A  complete  discussion 
of  the  appropriate  journal  entries  and  financial  reports  is 
found  in  either  The  Theory  and  Measurement  of  Business 
Inconie  by  Edwards  and  Bell  or  Replacement  Cost  Accounting 
by  Lawrence  Revsine. 


NOTES 


Hans  Thirring,  Energy  for  Man:   Windmills  to  Nuclear 
Power  (Bloomington,  Indiana:   Indiana  University  Press 
1958),  p.  63. 


CHAPTER  V 
THE  GENERAL  ENERGY  SYSTEMS  PRICE  MODEL--AN 
EVALUATION  OF  ITS  USEFULNESS  FOR  DETERMINING 
VALUATION  COEFFICIENTS  FOR  USE  IN  ACCOUNTING 


Having  developed  and  described  the  energy  system 
exchange  ratio  estimation  model,  the  next  step  is  to  eval- 
uate this  model.   As  was  stated  in  Chapter  I,  evaluation 
will  be  in  terms  of  the  various  criticisms  of  previously 
proposed  methods  for  converting  acquisition  cost  to  current 
cost.   These  criticisms  are  expressed  in  terms  of  the  ends- 
in-view  necessary  to  resolve  the  tensions  currently  ob- 
served among  the  accountants  who  are  charged  with  communica' 
ting  financial  information  when  measurement  of  long-lived 
productive  resources  is  a  necessary  part  of  this  task.   The 
ends-in-view  are  then  modified  to  the  form  of  general 
hypotheses  for  purposes  of  evaluation.   These  hypotheses 
are  restated  as  follows: 

7.  The,   conceptual   {^^amcico^k   o/J  the  Q2,yitfiat  zm^gy 
6y6t2.m6   appn.oach  a,6   togLcatty   con6^ite.nt. 

2.      Tkc  QQ.nzn.at  zncfigy  i>yit(imi,    appK.oack  pfio\jZde..!> 
accun.atc   e.6t-i.matc6    o^   the   can.n.cnt  n.cpA.oductZon    (oA.  n.e.- 
pZace.m2.nt]    co6t   o^   a  ipzcti-izd  Zong-ttved  pAodactA^vz 
n.z4,  oaA.cz. 

13  5 
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3.  Thz   Q.ne.^gy  i>ij.bte,mii    approach    lofi   e.6timat^ng 
cafiKt)it  ftuplaczmznt   o^t  fitpKodactlon   coi,t   can   be  madi. 
oputat-ional  6uck     that    tho^fit  l&    a   -i^aionabl^    umpJifilcal 
CO -'in.  elation   be.tween  tho.   (Litlmate.&    pn.ov.idzd   tvtn  tohtn  d-i{^- 
iznQ.iit  gn.oup6  o {^  ob.i>zn.vzn-'!>    apply  tkt  rma6un.e,mznt  pn.oczdun.zi 
■In   gznzna.t-lng    citLmatzi . 

However,  as  was  also  stated  in  Chapter  I,  data 
limitations  with  respect  to  the  quantity  of  resource  in- 
puts, measured  in  terms  of  energy  heat  equivalents,  neces- 
sary to  construct  long-lived  productive  resources  will 
significantly  restrict  empirical  analysis.   This  limita- 
tion, in  turn,  will  prevent  "warranted  conclusions"  from 
this  evaluation.   However,  it  is  felt  that  significant 
insight  may  be  obtained  with  respect  to  the  analytical 
soundness  of  a  general  energy  systems  approach  for  ac- 
counting for  long-lived  productive  resources.   In  addition, 
the  direction  of  future  empirical  inquiry  may  be  obtained 
as  a  result  of  this  preliminary  evaluation. 

The  Question  of  Logical 
Consistency--An  Evaluation 

In  order  to  draw  conclusions  concerning  the  logical 
consistency  of  a  general  energy  systems  ratio  of  exchange 
estimation  model,  it  is  necessary  to  consider  two  aspects 
of  the  problem,  which  may  be  stated  in  the  form  of  sub- 
hypotheses  as  follows: 
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1.  The  general  energy  systems  model  is  internally 
consistent. 

2.  The  price  estimates  obtained  via  applying  the 
general  energy  systems  model  are  consistent  with  currently 
accepted  economic  price  theory. 

In  order  to  properly  evaluate  these  two  aspects  of  the 
logical  consistency  question,  it  is  necessary  to  formulate 
some  hypothetical  economic  situations.   In  addition  to  pro- 
viding the  means  of  evaluating  the  logical  consistency  of 
general  energy  systems  theory,  these  hypothetical  examples 
will  further  illustrate  the  mechanical  procedures  involved 
in  applying  general  energy  systems  theory  to  the  long- 
lived  resource  accounting  problem. 

Two  basic  hypothetical  examples  will  be  proposed; 
various  modifications  will  then  be  made  to  each  in  order  to 
consider  the  applicability  of  the  model  in  various  economic 
environments.   The  first  example  will  exclude  changes  in 
the  efficiency  of  a  productive  resource  for  performing  its 
designated  task  (i.e.  input  transformation  efficiency  will 
be  assumed  to  remain  unchanged  over  time);  the  second 
example  will  introduce  this  problem. 

Example  One--Steady  State  Input  Transformation  Efficiency 

Assume  that  all  U.S.  producers  of  a  specified  long- 
lived  productive  resource  produce  2000  units  of  this  resource 
for  a  price  of  $1,000  per  unit  each  year  from  1960  to  1970. 
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The  economic  price  index  for  the  specified  resource  will 
reflect  only  changes  from  the  $1,000  per  unit  prices  which 
prevailed  in  1960;  the  output  index  will  reflect  only  changes 
from  the  2000  units  of  output  produced  in  1960. 

Case  1--Steady  state.   For  Case  1,  additional  as- 
sumptions are  made  as  follows:   (1)  productive  efficiency  does 
not  change  from  1960  to  1970,  thus  there  is  a  constant  quan- 
tity of  resource  inputs  (measured  at  100  x  10  BTU ' s  in 
constant  energy  equivalent  units);  (2)  no  changes  in  the 
economic  price  index;  (3)  all  units  produced  from  1960  to 
1970  are  identical  in  all  respects;  and  (4)  these  long-lived 
productive  resources  never  wear  out.   This  situation  may  be 
summarized  in  terms  of  national  income  statistics  as  follows: 


1960 
1965 
1970 


Specific 
Economic  Price  Index 

100 

100 

100 


Specific 
Output  Index 

100 

100 

100 


If  company  A  buys  two  units  of  the  long-lived 
resource  in  1960  and  company  B  buys  two  units  in  1965, 
what  would  be  their  respective  valuation  coefficients  for 
1970  as  measured  with  reference  to  their  1970  replacements 
ratios  of  exchange  determined  via  energy  systems  theory? 
The  first  step  is  to  calculate  the  energy  ratios  of  exchange 
for  the  resources  purchased  in  each  year  in  the  following 
manner: 
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est 


1960  energy 
exchange  ratio 


1965  energy 
exchange  ratio 

1970  energy 
exchange  ratio 


-   E. 
1 

=  (2000  units  x  $1,000  per  unit) 
(100,000  BTU's)  =  $.02  per 
thousand  BTU's 

=  $.02  per  thousand  BTU's 

=  $.02  per  thousand  BTU's 


As  noted  in  Chapter  IV,  it  is  felt  that  this  calculation 
should  be  made  by  a  professional  committee  of  the  AICPA. 

This  step  is  followed  by  computing  the  energy 
equivalents  of  the  resources  purchased  by  each  company  as 
shown  below: 


Energy  Equivalents  =  (Purchase  price  paid  by  each 

company)  t  the  energy  ex- 
change ratio  in  the  year  of 
purchase 

Company  A  =  (2  units  at  $1,000  per  unit)  >  $.02 
per  thousand  BTU's  =  100  x  10^  BTU's 

Company  B  =  $2,000  ^  $.02  per  thousand  BTU's  = 
100  X  10^  BTU's 

The  third  step  is  to  subtract  the  energy  equivalents 
allocated  to  various  time  intervals  from  the  total  determined 
in  Step  Two  to  obtain  the  unexpired  energy  equivalents.   In 
this  hypothetical  case,  the  productive  resources  never 
wear  out,  so  this  step  may  be  eliminated. 
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The  final  step  is  to  determine  the  currency  value 
of  the  unexpired  resource  by  multiplying  the  unexpired 
energy  equivalents  computed  in  Step  Three  by  the  current 
accounting  period's  energy  exchange  ratio  for  the  same 
productive  resource  (or  its  replacement  in  terms  of  desired 
end  use).   This  is  done  as  follows: 

Company  A:  100  x  10^  BTU ' s  x  $.02  per  thousand  BTU's= 
$2,000 

Company  B:  100  x  10^  BTU's  x  $.02  per  thousand  BTU's= 
$2,000 

Since  the  two  resources  are  identical  in  all  respects 
and  never  wear  out,  one  would  logically  expect  their  prices 
to  be  identical  in  terms  of  the  1970  currency  values.   This 
is  indeed  the  result  obtained  by  applying  the  general  energy 
systems  model.   Moreover,  the  1970  values  are  identical  to 
the  original  acquisition  values  which  is  to  be  expected  as 
the  economic  price  index  shows  prices  for  the  resource  have 
not  changed  over  time  and  productive  efficiency  was  assumed 
constant  in  this  case  (i.e.  the  energy  flow  necessary  to 
produce  the  resource  remains  constant  over  time). 

Case  II--Inflation.   For  Case  II,  further  assump- 
tions are  made  as  follows:   (1)  productive  efficiency 

remains  constant  from  1960  to  1970,  thus  the  energy 

g 
equivalents  of  resource  inputs  remain  constant  at  100  x  10 

BTU's  each  year;  (2)  the  price  of  the  productive  resources 

produced  increases  from  $1,000  per  unit  in  1960  to  $1,100 
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per  unit  in  1955  and  1970;  (3)  the  units  produced  from  1960 
to  1970  arc  identical  in  all  respects;  and  (4)  they  never 
v/ear  out.   This  situation  is  summarized  as  follows: 


1960 

100 

1965 

110 

1970 

110 

Economic  Price  Index    Output  Index 

100 
100 
100 

Again,  if  company  A  buys  two  units  of  the  long-lived 
resource  in  1960  and  company  B  buys  two  units  in  1965,  what 
would  be  their  respective  valuation  coefficients  in  1970 
determined  via  energy  systems  analysis?  The  ratio  of 
exchange  per  unit  of  energy  input  for  each  year  is: 

1960  =  (2000  units  x  $1,000  per  unit)  t  (100  x  10^ 
BTU's)  =  $.02  per  thousand  BTU's 

1965  =  (200  units  x  $1,100  per  unit)  i    (100  x  10^ 
BTU's)  =  $.022  per  thousand  BTU's 

1970  =  $.022  per  thousand  BTU's 

The  energy  equivalents  of  the  resources  purchased  by  each 
company  are: 

Company  A  =  (2  units  at  $1,000  per  unit)  ^ 
$.02  per  thousand  BTU's  = 
100  X  10^  BTU's 
Company  B  =  (2  units  at  $1,100  per  unit)  :- 
$.022  per  thousand  BTU's  = 
100  X  10^  BTU's 
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Since  these  energy  equivalents  would  be  worth  $.022" 
per  thousand  BTU's  in  1970,  the  currency  value  of  the  un- 
expired resource  is  $2,200  to  each  company  given  that  each 
company  owns  unexpired  benefits  which  would  require  100  x 
10   BTU's  of  resource  inputs  to  replace  in  1970,   Again,  this 
result  is  identical  to  the  results  expected  given  currently 
accepted  economic  price  theory. 

Case  1 1 1--Def 1 ation.   This  hypothetical  situation  is 
identical  to  Case  II  except  that  prices  for  the  specified 
long-lived  productive  resource  fall  to  $900  by  1965.   This 
situation  may  be  depicted  as  follows: 


Specific 


Economi  c 

Price  Index 

1960 

100 

1965 

90 

1970 

90 

Speci  f i  c 
Output  Index 

100 

100 

100 


The  ratio  of  exchange  per  unit  of  energy  input  for  each  year 
is: 

1960  =  (2000  units  x  $1,000  per  unit)  r    100  x  10^ 

BTU's  =  $.02  per  thousand  BTU's 

1965  =  (2000  units  x  $900  per  unit)^  100  x  10^ 

BTU's  =  $.018  per  thousand  BTU's 

1970  =  $.018  per  thousand  BTU's 

The  energy  equivalents  of  the  resources  purchased  by  each 
company  are: 
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Company  A  =  (2  units  at  $1,000  per  unit) 

$.02  per  thousand  BTU's  = 

TOO  X  10^  BTU's 
Company  B  =  (2  units  at  $900  per  unit)  t 

$.018  per  thousand  BTU's  = 

100  X  10^  BTU's 


Therefore,  the  currency  value  of  the  unexpired  energy 
equivalents  in  1970  are: 

Company  A  =  100  x  10^  BTU's  x  $.018  per  thousand  BTU's 

=  $1 ,800 

Company  B  =  100  x  10^  BTU's  x  $.018  per  thousand  BTU's 

=  $1 ,800 

Again,  this  result  is  identical  to  that  which  would 
be  expected  given  currently  accepted  economic  price  theory. 

Case  IV--Varyinq  productive  efficiency.   For  Case  IV, 
the  following  additional  assumptions  are  made:  (1)  the  price 
of  the  long-lived  productive  resource  remains  constant  at 
$1,000  per  unit  from  1960  to  1970;  (2)  productive  efficiency 

changes  such  that  100  x  10^  BTU's  are  required  in  1960,  80  x 

9  Q 

10   in  1965,  and  70  x  10^  in  1970;  (3)  all  units  produced 

from  1960  to  1970  are  identical  in  all  respects  and  they  will 

never  wear  out.   The  economic  indicators  are  as  follows: 
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1950 
1965 
1970 


Specif  I'c 
Economic  Price  Index 

100 

100 

100 


Specific 
Output  Index 

100 

100 

100 


The  ratio  of  exchange  per  unit  of  energy  for  each  year  is: 

1960  =  (2000  units  x  $1,000  per  unit)  t  100  x  10^ 

BTU's  =  $.02  per  thousand  BTU '  s 

1965  =  (2000  units  x  $1,000  per  unit)  ^  80  x  10^ 

BTU's  =  $.025  per  thousand  BTU's 

1970  =  (2000  units  x  $1,000  per  unit)  ^  70  x  10^ 

BTU's  =  $.02857  per  thousand  BTU's 

The  energy  equivalents  of  the  resources  purchased  by  each 
company  are: 

Company  A  =  (2  units  at  $1,000  each)  f 
$.02  per  thousand  BTU's  = 
100  X  10^  BTU's 
Company  B  =  (2  units  at  $1,000  each)  ^ 
$.025  per  thousand  BTU's  = 
80  X  10^  BTU's 

However,  at  this  point  an  inconsistency  becomes 
apparent.   If  these  energy  equivalents  are  converted  into 
currency  valuation  coefficients  by  multiplying  by  the  1970 
ratio  of  exchange  per  unit  of  energy,  company  A's  resource 
will  be  valued  at  $2,875  while  company  B's  will  be  valued 
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at  $2,285.60.   Yet,  these  two  resources  are  identical  in  all 
respects.   Accordingly,  such  a  result  is  inconsistent  with 
economic  price  theory.   Therefore,  it  is  necessary  to  cor- 
rect for  this  inconsistency  by  restating  energy  equivalents 
into  units  of  constant  productive  efficiency.   This  is 
accomplished  by  using  the  productive  efficiency  index  to 
restate  an  older  resource's  energy  equivalents  in  terms  of 
the  quantity  of  resource  inputs  that  it  would  currently  take 
to  duplicate  the  given  resource.   It  is  felt  that  the  pro- 
fessional committee  should  be  responsible  for  constructing 
the  productive  efficiency  indexes,  as  well  as  calculating 
the  energy  exchange  ratios.   Thus,  as  part  of  the  first  step 
of  computing  replacement  exchange  ratios  using  an  energy 
systems  approach,  it  is  necessary  to  also  calculate  a 
productive  efficiency  index  for  each  year  as  follows: 


Productive  efficiency  _  p   _  ^it+j 
index        ~   ej  ~  E 


'at 


1960  =  (2000  uni 

(2000  uni 

1965  =  (2000  uni 

(2000  uni 


it+j    at 

ts  T  100  X  10^  BTU's)  J 

ts  V  100  X  10^  BTU's)  =  1.00 

ts  J  80  X  10^  BTU's)  r 

ts  f 100  X  10^  BTU's)  =  1 .25 


1970  =  (2000  units  f : 70  x  10   BTU's)  f 
(.02  X  10"^)  =  1.42855 

Using  the  productive  efficiency  index  it  is  possible  to 
restate  the  unexpired  energy  equivalents  for  the  older 
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style  resources  in  terms  of  the  current  year's  productiV( 
efficiency  as  follows:* 


Energy  Equivalents  Energy  Equivalents  p     in  the  year 

Restated  for  Con-  ^  for  the  Resources  ^ejl   of  purchase 

stant  Productive  Purchased  by  Each    ~ 

Efficiency  Company 


Pg  -2   i  n  the  current 
year 


Therefore,  the  restated  energy  equivalents  for  each  company 
in  1970  are: 

Company  A  =  100  x  10^  BTU's  x  -J--^^ 


1.42855 


700  X  10^  BTU's 

Company  B  =  80  x  10^  BTU's  x  — H-^,,  = 

700  X  10^  BTU's 

The  currency  values  for  the  unexpired  reqources  owned  by 
each  company  in  1970  are  700  x  10^  BTU's  x  $.02857  per 
thousand  BTU's  =  $2,000.   This  result  is  again  consistent 
with  economic  price  theory,  because  resources  identical  in 
all  respects  are  expected  to  have  the  same  currency  value. 
Moreover,  the  current  year's  values  are  expected  to  be  equal 
to  the  acquisition  value  because  the  original  energy  equi- 
valents are  restated  in  terms  of  the  current  period's 
productive  efficiency  which  means  the  decline  in  the  number 
of  energy  equivalents  is  proportional  to  the  increase  in 
price  per  BTU ,  thus  leaving  the  value  unchanged  over  time. 


^For  a  complete  discussion  of  this  index  see  Page  112-113. 
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Example  Two--Varvinq  Transformation  Efficiency 

In  this  hypothetical  situation  is  is  assumed  that 
producers  of  a  specified  long-lived  resource  produce  2000 
units  per  year  from  1960-1970  and  that  such  output  sold  for 
$1,000  per  unit  in  1960.   Company  A  purchases  two  units  in 
1960  and  Company  B  two  units  in  1965. 

Case  I--Var^ng  prices,  productive  efficiency,  and 
input  transformation  effirjj^nrv   in  addition,  the  following 
will  be  assumed:   (1)  production  of  the  2000  units  of  output 
required  input  resources  of  100  x  10^  BTU ' s  in  1960  and  125  x 
10   BTU's  in  both  1955  and  1970;  (2)  both  the  1965  and  the 
1970  output  is  sold  for  $1,250  per  unit;  (3)  none  of  the 
units  produced  ever  wear  out;  (4)  technological  advancements 
result  in  the  1965  output  being  a  higher  quality  productive 
resource  than  the  1960  output--that  is,  the  net  present 
value  of  future  cash  flow  was  higher  for  the  units  produced 
in  1965  relative  to  the  units  produced  in  1960,  because 
utilization  of  the  resources  produced  in  1965  allows  five 
units  of  output  to  be  produced  per  160  x  10^  BTU's  of 
resource  inputs  whereas  the  units  produced  in  1960  manu- 
facture only  four  units  of  output  per  160  x  10^  BTU's  of 
input;  and  (5)  no  additional  technological  advances  were 
made  from  1965  to  1970. 

This  example  may  be  summarized  as  follows: 
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1960 


1965 


1970 


Specific 
Economic  Price  Index 

100 

125 

125 


Specific 
Output  Index 

100 

100 

100 


The  ratio  of  exchange  per  unit  of  energy  for  each  year  is: 

1960  =  (2000  units  x  $1,000  per  unit)  .  100  x  10^ 
BTU's  =  $.02  per  thousand  BTU's 

1965  =  (2000  units  x  $1,250  per  unit)  i    125,000 
BTU's  =  $.02  per  thousand  BTU's 

1970  =  $.02  per  thousand  BTU's 

Productive  efficiency  for  each  year  is: 

1960  =  (2000  units  ^  100  x  10^  BTU's)  ^  (2000  units  : 

100  X  10^  BTU's)  =  1.00 
1965  =  (2000unitsf  125  x  10^  BTU's)  ^.02  x  10"^)  = 
'        .80 
1970  =  .80 


The  energy  equivalents  of  resources  purchased  by  each 
are: 

Company  A  =  (2  units  at  $1  ,000  per  unit)  .   ' 

$.02  per  thousand  BTU's  = 

100  x  10^  BTU's 
Company  B  =  (2  units  at  $1,250  per  unit)  f 

$.02  per  thousand  BTU's  = 

125  X  10^  BTU's 


company 
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icy 


The  energy  equivalents  restated  for  productive  efficien( 
are: 

Company  A  =  100  x  10^  BTU's  x  ^4^  =  125  x  10^  BTU' 


.80 


Company  B  =  125  x  10^  BFU's  x  -^  =    125  x  10^ 


80 


BTU's 


At  this  point  an  inconsistency  becomes  apparent.   The  cur- 
rency based  replacement  value  for  each  company's  resources 
would  be  equal,  but  company  B  owns  a  technologically 
superior  long-lived  productive  resource.   Therefore, 
economic  price  theory  would  demand  that  the  superior  re- 
source command  a  higher  price.   In  fact,  if  the  economic 
exchange  system  is  functioning  properly  and  if  the  older 
resource  is  competitive  with  the  newer,  superior  one  over 
the  long  run,  the  difference  in  price  between  the  two  should 
be  proportional  to  the  difference  in  quality.   Accordingly, 
another  adjustment,  using  an  index  of  the  relative  input 
transformation  efficiency  of  productive  goods,  must  be  made 
as  follows:* 


Index  of  the  relative 
input  transformation   IT  . 
efficiency  of        "   ^J 
producer  goods 


^ixt+j  ^  ^ayt 
ixt+j   ""ayt 


The  computation  of  this  index  should  also  be  the  responsi 
bility  of  the  AICPA  committee.   The  index  of  relative 


*For  a  complete  discussion  of  the  relative  input  trans- 

P^n'"^?!?",?!^'''''^"^^  °^  ^  productive  resource  see 
■  age  M3-ii5. 
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input  transformation  efficiency  of  the  producer  goods  in 
this  example  is: 

I960  =  l-i^lis^t  160  X  10^  BTU's  of  resource  inputs 

5  units  :    TWirio^  BlU's  of  resource  inputs 


T965  =  .02  X  10"^  units  per  BTU  =  1.0 
.02  X  lO-o  units  per  BTU 

1970  =  1.0 


The  energy  equivalents  restated  for  productive  efficiency 
are  then  further  restated  for  input  transformation  effi- 
ciency by  the  following  formula: 


Energy  Equivalents   Energy  Equivalents 
Restated  for  Input  ^  Restated  for 
Transformation      Productive 
Efficiency         Efficiency 


ejl'  ej  in  the 
year  of  purchase 

ej2"  ej  for  the 

most  recent  year 


Company  A  =  125  x  10^  BTU's  x  y^  =  100  x  10^  BTU's 
Company  B  =  125  x  10^  BTU's  x  ^  =  125  x  10^  BTU's 

Converting  these  energy  equivalents  to  currency  replacement 
values  yields  a  $2,000  value  to  company  A's  resources  and 
$2,500  to  company  B's.   This  result  is  consistent  with 
economic  theory  as  company  B's  productive  resources  produce 
25  percent  more  output  per  unit  of  resource  input  than 
company  A's  resources.   Therefore,  assuming  equal  prices 
for  all  resource  inputs  and  all  output,  the  net  present 
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value  of  future  cash  flows  would  be  25  percent  higher  for 
B's  resources  than  for  A's. 

Case  II--Varyinq  productive  e'fflciency  and  input 
transformation  efficiency  and  continuing  inflation .   For 
Case  II,  additional  assumptions  are  made  as  follows:   (1) 
production  of  the  2000  units  requires  100  x  10^  BTU's  in 
1960  and  125  x  10^  BTU's  in  both  1965  and  1970;  (2)  the  out- 
put is  sold  for  $1,100  per  unit  in  1965  and  for  $1,200  per 
unit  in  1970;  (3)  none  of  the  units  produced  ever  wear  out; 
(4)  technological  advancements  have  made  the  units  produced- 
in  1965  more  efficient  than  those  produced  in  1960  in  that 
those  produced  in  1965  and  1970  manufacture  six  units  of 
output  per  160  x  10^  BTU's  of  input  versus  four  units  per 
160  X  10  BTU's  for  the  units  produced  in  1960;  (5)  no  fur- 
ther technological  advancements  were  made  from  1965  to  1970. 
This  situation  may  be  summarized  as  follows: 


tconomic  Price 

Index 

Output  Index 

1960 

100 

100 

1965 

110 

■  100 

1970 

120 

100 

The  ratio  of  exchange  per  unit  of  energy  in  this  form  for 
each  year  is : 

1960  =  (2000  units  x  $1,000  per  unit)  v  100  x  10^ 
BTU's  =  $.02  per  thousand  BTU's  ' 
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1965  = 


1970  = 


(2000  units  x  $1,100  per  unit)  v  125  x  10^ 
BTU's  =  $.0176  per  thousand  BTU's 
(2000  units  x  $1,200  per  unit)   125  x  10^ 
BTU's  =  $.0192  per  thousand  BTU's 


Productive  efficiency  for  each  year  is: 

1960  =  (2000  units  f  100  x  10^  BTU's) 

^  100  X  10^  BTU's)  =  1.00 
1955  =  (2000  units  v  125  x  10^  BTU's) 

(.02  X  10"^)  =  .80 
1970  =  .80 


(2000  units 


The  relative  input  transformation  efficiency  of  each  year's 
output  is: 

1960  =  4  units  ^  160  x  10^  BTU's  of  resource  inputs 
6^rmts  V  160  X  lob  BTU's  of  resource  inputs' 

=  .6667 

1965  =  6  units  v  160  x  10^  BTU's  of  resource  inputs 
6  units  V  ibU  X  10b  BTU's  of  resource  inputs 

=  1.0 
1970  =  1.0 


The  energy  equivalents  of  resources  purchased 
are:       ,    ' 

Company  A  =  (2  units  at  $1,000  each)  . 
$.02  per  thousand  BTU's  = 
100  X  10^  BTU's 


by  each  company 
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Company  B  =  (2  units  at  $1,100  each)  i 
$.0176  per  thousand  BTU ' s  = 
125  X  10^  BTU's 

The  unexpired  energy  equivalents  of  resources  purchased  by 
each  company  restated  for  both  productive  efficiency  and 
relative  input  transformation  efficiency  of  productive  goods 
are  as  follows: 

Company  A  =  100  x  10^  BTU's  x  ^^-^   x  t^—  = 

. oU     1.0 

83.3  X  10^  BTU's 
Company  B  =  125  x  10^  BTU's  x  -^  x  l^  = 


8  '^  1.0 


125  X  10°  BTU's 


The  1970  currency  value  for  the  two  units  owned  by 
company  A  is  83.3  x  10^  BTU's  x  $.0192  per  thousand  BTU's  = 
$1,600;  the  currency  value  for  the  two  units  owned  by 
company  B  is  125  x  10^  BTU's  x  $.0192  per  thousand  BTU's  = 
$2,400.   This  is  consistent  with  economic  price  theory 
because  each  unit  produced  in  1970  cost  $2,400  and  the  units 
produced  that  year  are  more  efficient  than  those  produced  in 
1960.   Therefore,  the  price  for  each  unit  produced  in  1960 
should  vary  from  the  price  of  those  units  produced  in  1970 
proportionately  to  the  difference  in  efficiency. 

In  each  of  the  above  hypothetical  cases,  the  energy 
systems  procedures  have  been  shown  to  be  consistent  with 
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currently  accepted  economic  price  theory  (i.e.  resources 
identical  in  all  respects  except  for  the  year  they  were 
produced  are  assigned  equal  currency  values).   In  addition, 
the  procedures  are  internally  consistent  in  the  sense  that 
changing  economic  environments  can  be  properly  handled. 

Estimated  Ratios  of  Exchange 
Accurately  Re  fleet  ActuaT~ 
Current  Ratios  of  Exc'hange--An  Evaluation 

As  was  stated  in  Chapter  I,  "accurate"  is  a  term 
which  refers  to  the  degree  of  empirical  correspondence 
between  an  estimated  measure  for  a  specified  object  and 
some  ideal  measure  of  this  same  object.   In  economics,  the 
ideal  measurement  for  the  currency  value  of  a  long-lived 
productive  resource  is  the  net  present  value  of  the  future 
benefits  to  be  obtained  via  ownership  of  such  resources.   It 
was  also  stated  in  Chapter  I  that  the  market  price  for  a 
long-lived  productive  resource  in  a  perfectly  competitive 
market  is  assumed  to  be  equal  to  the  net  present  value  of 
future  benefits  to  be  obtained  from  that  resource.   There- 
fore, the  valuation  coefficient  for  a  long-lived  resource 
may  be  estimated  by  determining  the  current  ratios  of 
exchange  for  identical  resources.   However,  there  is 
empirical  evidence  that  such  market  data  for  older  style 
resources  is  generally  unavailable  (although  it  must  be 
stated  that  further  empirical  research  must  be  completed 
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before  such  a  conclusion  is  warranted).   The  only  apparent 
solution  to  this  problem  requires  a  methodology  which  would 
enable  the  measurer  to  estimate  current  replacement  cost  for 
an  older  resource  by  examination  of  the  current  ratios  of 
exchange  for  new  resources  which  are  identical,  or  at  least 
similar,  to  the  older  resources.   The  energy  systems  approach 
appears  to  offer  procedures  which  would  enable  a  measurer  to 
utilize  this  type  of  approach. 

It  must  be  stated,  however,  that  the  use  of  current 
market  ratios  to  obtain  indications  of  the  current  replace- 
ment costs  for  older,  similar  resources  is  not  completely 
free  of  criticism.   First,  the  newer  styles  may  not  be 
produced  by  utilization  of  identical  resource  inputs  and 
production  methods  as  were  used  in  the  production  of  the 
older  styles.   Since  what  is  desired  is  the  most  accurate 
estimate  of  the  reproduction  cost  of  the  service  capability 
of  the  older  style  using  current  technology,  there  must  be 
some  way  of  segregating  that  portion  of  the  overall  dif- 
ference in  price  between  the  two  styles  which  is  the  result 
of  changes  in  the  productive  efficiency  for  producing  the 
specified  productive  resource.   Second,  the  currently 
produced  style  may  not  be  identical  to  the  older  style. 
That  is,  technological  advancement  may  result  in  the  newer 
style  being  more  efficient,  in  terms  of  ability  to  perfoi 
the  services  that  such  resources  are  designed  to  perform. 
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than  the  older  styles.   This  means  the  newer  style  would 
provide  more  net  services  than  the  older  style  and  this,  in 
turn,  would  require  the  net  present  value  of  future  benefits 
to  be  higher  for  the  newer  style  relative  to  the  older  style. 
Therefore,  in  order  to  obtain  an  "accurate"  indication  of  the 
replacement  cost  of  the  service  capability  for  older  styles 
by  examination  of  current  exchange  ratios,  it  is  necessary 
to  segregate  that  portion  of  the  difference  in  price  between 
the  two  styles  that  is  due  to  the  difference  in  input 
transformation  efficiency  between  the  two  styles  form  the 
overall  price  change. 

Since  the  general  energy  system  approach  uses  the 
current  market  prices  of  newer  styles  in  estimating  the 
reproduction  cost  of  older  styles,  evaluation  of  the 
accuracy  of  the  estimates  requires  examination  of  the  fol- 
lowing subhypotheses  in  giving  recognition  to  the  problems 
described  in  the  preceding  paragraph: 

1.  The  energy  system's  approach  provides  procedures 
for  identifying  the  segregating  estimates  of  that  portion  of 
a  change  in  the  price  of  a  productive  resource  that  is  caused 
by  changes  in  the  efficiency  of  producing  the  resource. 

2.  The  energy  system's  approach  provides  procedures 
for  identifying  and  segregating  estimates  of  these  portions 
of  a  change  in  the  price  of  a  long-lived  resource  which  are 
the  result  of  changes  in  the  input  transformation  effi- 
ciency. 
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3.   There  is  a  reasonable  degree  of  empirical 
correspondence  between  an  energy  system's  estimate  of  the 
current  replacement  cost  for  a  long-lived  productive  re- 
source and  the  observed  ratio  of  exchange  for  this  same 
resource  in  a  competitive  market  transaction. 

Segregation  of  Production  Efficiency  Changes 

In  order  to  evaluate  the  ability  of  the  energy 
system's  procedures  for  identifying  that  portion  of  a 
change  in  the  price  of  a  productive  resource  over  time 
which  is  due  to  changes  in  the  productive  efficiency  for 
creating  that  resource,  it  is  necessary  to  consider  the 
hypothetical  examples  discussed  above  when  evaluating  logi' 
cal  consistency.   Consider  Example  One,  Case  IV.   The  data 
provided  may  be  restated  as  follows: 


Resource 
Economic  Price  Input 

Index Output       in  BTU's     "^e 


I960  100  2000  units  100  x  10^  1.00 
1965  100  2000  units  80  x  10^  1.25 
1970        100         2000  units    70  x  10^    1.42855 

Computation  of  the  exchange  ratio  per  BTU  for  each  year  is 
as  follows: 

1960:   $200  x  10^  r  100  x  10^  BTU's  = 
$.02  per  thousand  BTU's 
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1965 


1970 


$200  X  10^  f   80  X  10^  BTU's 
$.025  per  thousand  BTU's 
$200  X  10^  T   70  X  10^  BTU's 
$.02857  per  thousand  BTU's 


Here  the  price  paid  for  the  productive  resource  increased  by 
$.0857  per  thousand  BTU's  or  nearly  43  percent  during  the 
period  1960-1970.   However,  restating  these  ratios  of  ex- 
change per  BTU  to  reflect  the  most  current  productive 
efficiency  shows  that  the  entire  43  percent  change  in  price 
was  due  to  an  improvement  in  productive  efficiency  (i.e.  the 
1970  output  required  less  resource  inputs,  in  terms  of 
energy  measuring  units,  to  produce  than  did  the  1960  output) 
where  this  improvement  was  not  reflected  in  the  purchase 
cost  of  the  resource: 


1960: 
1965: 
1970: 


•02  X  ^ ;42855  =  $-02857  per  thousand  BTU's 
•*^^^  ^  l!42855  "  $-02857  per  thousand  BTU's 
•°^^^^  ^  i;42855  ^  $-02857  per  thousand  BTU^s 


In  other  words,  the  1970  output  was  produced  using  less 
resource  inputs  in  terms  of  energy  equivalents  than  the 
1960  output,  yet  the  purchase  price  was  not  reduced  to 
reflect  this  resource  savings.   Furthermore,  if  the  1960 
output  had  been  produced  using  identical  production  tech- 
niques to  those  available  in  1970,  the  average  price 
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received  per  BTU  would  have  been  equal  to  that  received  in 
1970,  thus  indicating  no  price  change.   Therefore,  an  analy- 
sis of  the  hypothetical  data  indicates  that  the  energy  sys- 
tems approach  may  indeed  enable  the  measurer  to  identify 
and  segregate  that  portion  of  the  price  change  for  a  long- 
lived  productive  resource  which  is  due  to  changes  in  the 
productive  efficiency  of  making  that  resource  available. 

Segregation  of  Changes  in  Input     .,  "•      ■. 
Transformation  Efficiency 

Once  again,  in  order  to  evaluate  whether  energy 
systems  procedures  allow  the  measurer  to  segregate  that 
portion  of  a  change  in  the  price  of  a  productive  resource 
over  time  which  is  due  to  changes  in  the  input  transforma- 
tion efficiency  of  that  resource,  it  is  necessary  to  con- 
sider the  hypothetical  examples  discussed  above.   Consider 
Example  Two,  Case  II.   The  data  assumed  may  be  restated 
as  follows: 


Economic  Price 
Index 

1960        100 

1965      .110 

1970        120 


Output 


Resource 

Input 
in  BTU's 


IT. 


2000  units   100  x  10^   1.0   .6667 


2000  units   125  x  10^ 
2000  units   125  x  10^ 


.8   1  .0 
.8   1.0 


Computing  the  exchange  ratios  per  unit  of  energy  for  each 
year  is  as  follows: 
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1960:   $200,000  f  100  x  10^  BTU's  = 

$.02  per  thousand  BTU's 
1965:   $220,000  f  125  x  10^  BTU's  = 
-,    ,  $.0176  per  thousand  BTU's 
1970:   $240,000  v  125  x  10^  BTU's  = 
$.0192  per  thousand  BTU's  , 

Restating  these  ratios  of  exchange  to  reflect  constant  pro- 
ductive efficiency  at  the  1970  level  is  as  follows: 

1960:   $.02  per  thousand  BTU's  x  ^-^  = 

.  o 

$.016  per  thousand  BTU's 
1965:   $.0176  per  thousand  BTU's  x  ^  = 

$.0176  per  thousand  BTU's 
1970: .  $.0192  per  thousand  BTU's  x  ^  = 

$.0192  per  thousand  BTU's 

This  restated  information  is  communicating  the  fact  that 
a  resource  identical  to  those  produced  in  1970,  in  terms 
of  input  transformation  efficiency,  would  have  sold  for 
$.016  per  thousand  BTU's  if  it  had  been  produced  in  1960  at 
1970  levels  of  productive  efficiency.   However,  when  produced 
in  1970  it  sold  for  an  average  of  $.0192  per  thousand  BTU's. 
Therefore,  the  average  price  increased  by  $.0032  per  thousand 
BTU's  or  20  percent  between  1960-1970.   But  an  examination 
of  the  index  of  relative  input  transformation  efficiency 
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indicates  that  the  resources  produced  in  1970  were  substan- 
tially improved  over  those  produced  in  1960.   Accordingly, 
the  above  estimated  ratios  of  exchange  must  be  restated  to 
reflect  the  difference  in  input  transformation  efficiency 
as  follows: 


1960:   $.016  per  thousand  BTU '  s  x  yW^ 
$.01067  per  thousand  BTU's 

1965:   $.0176  per  thousand  BTU's  x  j^ 
$.0176  per  thousand  BTU's 

1970:   $.0192  per  thousand  BTU's  x  |^ 
$.0192  per  thousand  BTU's 


This  data  may  be  interpreted  as  follows.   A  resource  identi- 
cal, in  terms  of  input  transformation  efficiency,  to  one 
produced  in  1970  would  have  been  sold  for  $.016  per  thousand 
BTU's  if  it  had  been  produced  in  1960  at  the  1970  level  of 
productive  efficiency.   As  such,  a  resource  produced  in  1960 
identical,  in  terms  of  input  transformation  efficiency,  to 
the  model  actually  produced  in  1960  would  have  been  sold 
for  $.01067  per  thousand  BTU's  if  produced  at  the  1970 
level  of  productive  efficiency  (the  $.00533  per  BTU 
difference  in  price  reflecting  the  relative  difference  in 
input  transformation  efficiencies).   Accordingly,  if  the 
1970  models  produced  at  the  1970  level  of  productive  effi- 
ciency are  sold  for  $.0192  per  thousand  BTU's  in  1970,  then 
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it  follows  that  the  1960  models  produced  at  the  1970  level  of 
productive  efficiency  would  sell  new  for  $.0128  per  thc-iisand 
BTU's  ($.0192  per  thousand  BTU's  x  j^^)  in  1970.   Th    fore, 
the  average  price  in  1970  for  a  resource  identical  to  the 
model  produced  in  1960  is  $.0128  per  thousand  BTU's  of  energy 
equivalent  input.   The  relative  effects  of  changes  in 
productive  efficiency  and  input  transformation  efficiency 
on  prices  is  summarized  as  follows: 


Productive  Resource 


Cost  in  1960  at  1970  P 


Cost  in  1960  at  1960  P 


Cost  in  1970  at  1970  P 


Cost  in  1970  at  1960  P 


1960  Model 


$.01067  per 
thousand  BTU's 

$.0200  per 
thousand  BTU's 

$.0128  per 
thousand  BTU's 

$.016  per 
thousand  BTU's 


1970  Model 


$.016  per 
thousand  BTU's 

$.030  per 
thousand  BTU's 

$.0192  per 
thousand  BTU's 

$.0240  per 
thousand  BTU's 


This  analytical  examination  of  hypothetical  examples  supports 
the  conclusion  that  the  energy  systems  approach  provides 
procedures  which  will  enable  the  measurer  to  identify  and 
segregate  those  portions  of  a  given  price  change  resulting 
from  changes  in  either  productive  efficiency  or  input  trans- 
formation efficiency. 

Empirical  Correspondence  Between  Estimated  Exchange  Ratios 
and  Actual  Market  Prices  Observed  in  a  Competitive  Market 

Although  logical  reasoning  using  hypothetical  data, 

as  was  shown  above,  supports  the  conclusion  that  the  energy 
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systems  estimates  are  accurate,  such  an  assertion  requires 
empirical  verification.   Empirical  veri1  -cation  will  take 
the  form  of  a  comparison  between  energy  systems  price 
estimates  for  a  given  long-1 ived  resource  and  the  market 
price  which  this  resource  commands  in  an  arms-length 
transaction.   Many  market  transactions  involving  older 
style  long-lived  productive  resources  may  be  observed  in 
the  U.S.  economy.   However,  the  data  limitations  discussed 
above  prevent  determination  of  the  energy  systems  generated 
price  estimates.   When  this  data  becomes  available,  it  will 
be  possible  to  empirically  verify  the  accuracy  of  energy 
systems  price  estimates  by  comparing  the  estimated  ratios 
of  exchange  with  actual  market  ratios  of  exchange  observed. 

The  General  Energy  Systems  Methodology  Will 
Provide  Objective  Estimates  of  Current 
Replacement  Cost--An  Evaluation 

The  question  being  addressed  by  this  portion  of  the 
evaluation  is  whether  different  groups  of  C.P.A's  would  com- 
pute substantially  identical  estimates  for  a  specified  re- 
source given  the  identical  factual  situation.   This  is 
strictly  an  empirical  question  which  would  require  an 
examination  of  the  dispersion  of  the  estimates  made  by  dif- 
ferent individual  measurers  about  the  average  of  these 
estimates  in  order  to  reach  a  warranted  conclusion.   As 
the  empirical  data  needed  to  make  the  general  energy  sys- 
tems method  operational  is  not  available  at  this  time,  it 
is  not  possible  to  answer  this  particular  question. 


CHAPTER  VI 
SUMMARY  AND  CONCLUSIONS 


In  energy  systems  theory,  dollar  flows  are  viewed  as 
information  feedback  loops  which  enable  consuming  units  to 
communicate  their  economic  needs  and  desires  to  producing 
units.   These  feedback  loops  function  to  convey  information 
to  producers  concerning  the  type  of  activity  which  they 
should  carry  on  in  order  to  receive  the  highest  reward  (in 
the  form  of  dollars  being  received  for  their  output). 
Within  a  market-oriented  economic  system,  the  function  of 
accounting  is  to  collect,  process,  interpret,  summarize,  and 
report  the  information  content  of  dollar  flow  feedback  loops 
to  those  individuals  in  the  social  system  who  influence  or 
make  the  decisions  which  direct  energy  flows  toward  useful 
ends.   Implicit  in  the  accounting  process  is  the  conclusion 
that  the  financial  statements  must  aid  in  the  making  of 
correct  decisions  for  resource  allocation  and  utilization. 
The  purpose  of  this  research  effort  is  to  utilize 
a  general  energy  systems  theoretical  framework  to  examine 
the  accounting  process  with  respect  to  accounting  for  long- 
lived  productive  resources  and  to  suggest  some  possible 
modifications  which  may  aid  in  eliminating  the  observed 
weaknesses. 
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Criticisms  of  Current  Accounting  Practice  ^ 
With  Respect  to  Long-lived  Productive  Resources 


Examination  of  generally  accepted  accounting 
procedures  revealed  that  the  use  of  acquisition  exchange 
ratios  as  valuation  coefficients  (for  converting  heterogene- 
ous quantities  of  resources  into  a  common,  currency-based, 
measurement  base)  represented  one  procedure  which  could 
cause  improper  decisions  to  be  made  by  users  of  accounting 
data.   For  example,  in  times  of  inflation,  net  income  may 
be  inflated  and  this  may  result  in:   (1)  income  taxes  ef- 
fectively being  taxes  on  capital  rather  than  on  income, 
(2)  improper  resource  allocation,  (3)  consumer  demand  for 
lower  prices,  (4)  demands  by  labor  for  higher  wages,  and 
(5)  demands  by  stockholders  for  larger  dividends.   In  other 
words,  decision-makers  may  be  exerting  improper  control  over 
resource  flows  via  income  distribution  and  other  social 
policy  decisions  which  are  based  upon  the  information  pro- 
vided by  accountants  in  financial  statements  or  reports. 
The  decision  problems  come  about  because  financial  informa- 
tion is  collected  and  summarized  by  accountants  applying 
accounting  procedures  which  make  it  difficult  to  generate 
financial  data  that  is  comparable  between  time  periods, 
industries,  and  entities.   One  accounting  procedure  which 
is  a  major  cause  of  this  lack  of  comparability  is  the  use 
of  acquisition  exchange  ratios  as  valuation  coefficients. 
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The  use  of  acquisition  exchange  ratios  as  valuation 
coefficients  -poses  two  categories  of  information  problems. 
First,  there  is  the  problem  of  communicating  the  results  of 
normal  operations.   As  currently  computed,  the  net  income 
figure  tends  to  combine  the  results  of  operating  activity 
with  the  results  of  resource  holding  activity.   Since  dif- 
ferent resources  are  held  for  different  time  intervals  by 
different  firms,  evaluation  of  a  single  income  figure  sheds 
little  light  on  the  operating  results  of  a  given  firm  for 
a  given  time  interval  relative  to  either  the  operating  re- 
sults of  other  firms  for  an  identical  time  interval  or  its 
operating  results  for  prior  time  intervals.   Second,  there  is 
the  problem  of  communicating  information  concerning  current 
financial  condition.   The  summation  of  currency  measurement 
aggregates  derived  by  using  acquisition  ratios  of  exchange 
from  many  different  prior  time  intervals  as  valuation  co- 
efficients is  virtually  meaningless  as  an  indication  of  the 
quantity  of  resources  currently  available  to  management. 

The  debate  among  accountants  concerning  the  use  of 
historical  acquisition  exchange  ratios  versus  the  use  of 
current  exchange  ratios  (such  as  reproduction  cost,  re- 
placement cost,  market  values,  and  so  on)  as  valuation 
coefficients  can  be  analyzed  in  terms  of  two  basic  questions: 
(1)  Should  gains  and  losses  resulting  from  resource  holding 
activity  be  recognized  and  reported?  and  (2)  How  should  such 
holding  gains  and  losses  be  measured? 
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Detailed  examination  of  previously  completed  research 
showed  that  resolution  of  the  first  question  requires  a 
determination  as  to  whether  the  use  of  current  exchange 
ratios  as  valuation  coefficients  (i.e.  the  recognition  and 
reporting  of  holding  gains  and  losses)  would  provide  more 
useful  financial  data  for  decision-making  purposes  than  the 
use  of  acquisition  exchange  ratios.   Furthermore,  it  was 
concluded  that  alternative  accounting  procedures,  such  as 
istorical  cost  versus  current  cost  as  valuation  coeffi- 
ients,  must  be  evaluated  by  comparing  the  actual  motiva- 
ional  responses  of  decision-makers  to  accounting  informa- 
ion  (calculated  using  each  alternative  procedure)  wi  th  some 
"ideal"  response  which  is  considered  desirable  for  the 
system  as  a  whole.   The  accounting  procedure  which  results 
in  the  "best"  response  is  the  one  to  be  used.   However,  such 
an  investigation  was  considered  beyond  the  scope  of  this 
particular  inquiry.*  Therefore,  this  research  activity  was 
constrained  to  consideration  of  measurement  questions. 


h 
c 
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A  Description  of  the  Problematic  Situation 

The  defined  problematic  situation  is  to  develop  and 
evaluate  the  general  energy  systems  approach  as  an  effective 
methodology  to  be  used  in  generating  statistical  estimates 
of  reproduction  cost  and  replacement  cost.   The  ends-in-view 


■See  Chapter  I--Assumpti ons  ' 
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necessary  1n  evaluation  of  a  general  energy  systems  price 
model  were  tentatively  established  as  follows: 

1.  The  statistical  estimates  must  be  objective. 
That  is,  the  methodology  for  generating  the  numbers  must  be 
logically  consistent  and  there  must  be  a  reasonable  degree  of 
empirical  correspondence  among  a  given  group  of  observers 

or  estimates. 

2.  The  methodology  must  provide  reasonably  accu- 
rate estimates.   A  common  criticism  of  nearly  all  proposed 
methods  of  estimating  current  cost  by  reference  to  current 
market  transactions  for  new  similar  resources  is  that  there 
is  not  an  objective  method  of  segregating  a  given  price 
change  into  the  following  components: 

a.  That  portion  of  the  change  due  to  supply- 
demand  conditions. 

b.  That  portion  due  to  change  in  the  produc- 
tive efficiency  of  combining  the  inputs  necessary  to 
produce  the  resource. 

c.  That  portion  due  to  the  fact  that  tech- 
nological advancement  has  enabled  the  current  "equivalent" 
resource  to  be  superior  in  some  way  relative  to  the  prior 
resource. 

The  preliminary  working  hypotheses  for  evaluating 
the  proposed  measuring  system,  formulated  in  light  of 
the  stated  ends-i n-view,  may  be  restated  as  follows: 
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1.  T/ic   conceptual   {^^aimMO'ik   o{,   the.  Qzncn.al   tntfigy 
6tj6i2.m6    appfioack  -Li,    Zog-ically   con-i>lJ!>t&nt. 

2.  Tho,  ge.ne.Aal   emefigy  -iyitemi    appfioach  pfiovldei> 
Aeaionably  accurate   e^tlmate^    05   the   can.fient  n.epfiodvLctlon 
(o/i  replacement)    coi>t   oi   a  6pecl{^ted  long-lived  productive 

fieiovLfice. 

3.  The   energy  i,y6tem6    approach    {,or   e-btlmatlng 
current  replacement   or  reproduction  cost   can   be   made   opera- 
tional 6uch  that  there  li>   reaionable  statistical   correlation 
between  the   estimates    provided   even  when   dl^^erent  groups    o{^ 
observers   apply  the  measurement  procedures   In  generating 
estimates . 

Description  of  the  Energy  Systems  Approach 

The  examination  of  the  energy  systems  approach 
begins  with  an  identification  of  energy.   Basically,  work 
was  found  to  be  a  rather  abstract  term  which  implies  a 
force  acting  upon  an  object  which  either  changes  the  spatial 
position  of  the  object  or  serves  to  change  the  object's 
shape  or  form.   Power,  then,  was  defined  as  work  per  unit 
of  time  (or  the  rate  at  which  useful  work  is  done).   Energy 
is  a  term  with  a  double  meaning:  it  can  refer  to  the  ability 
to  do  work  or  it  can  imply  the  actual  accomplishment  of 
work.   However,  it  was  stated  that  Newtonian  physics  holds 
that  the  quantity  of  energy  in  the  universe  is  constant; 
thus,  energy  is  never  lost  or  gained.   Therefore,  man 
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neither  creates  energy  nor  destroys  it.   When  it  is  said  that 
energy  is  "created,"  what  is  meant. is  that  man  has  increased 
its  supply  at  the  time  and  place  and  in  the  form  that  he 
needs  it.   This  is  the  First  Law  of  Thermodynamics  and,  as 
seen  from  the  above  comments,  it  requires  that  energy  be 
conserved.   The  Second  Law  of  Thermodynamics  requires  that 
some  of  the  available  energy  be  used  up  in  any  process  in- 
volving work,  leaving  less  available  energy  in  the  resulting 
product.   Therefore,  man  consumes  or  degrades  energy  when  he 
performs  the  tasks  necessary  to  make  energy  available  to 
serve  his  purposes. 


Energy  and  Man 

Next  the  historic  conversion  of  energy  and  matter  by 
man  into  the  form  (or  time  or  place)  for  it  to  be  useful  to 
him  was  analyzed,  with  particular  reference  to  the  evolu- 
tion of  the  impact  of  energy  on  man's  social  system.   This 
historical  examination  led  to  the  conclusion  that  energy  is 
wery    important  to  man  given  his  particular  cultural  and 
regional  setting.   As  heat,  energy  enables  man  to  inhabit 
regions  otherwise  too  cold  for  human  occupancy;  it  enables 
man  to  separate  metals  from  ores,  to  cast  and  otherwise 
reshape  metals  and  other  materials,  to  render  foods  edible 
and  palatable,  and  to  protect  himself  from  disease  by 
sterilization  of  water,  food,  and  contaminated  objects. 

As  light,  energy  lengthens  the  day,  stretching  the 
time  available  for  work  and  recreation  into  periods  of 
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natural  darkness.   Also,  it  extends  man's  vision  into  the 
subterranean  world  from  v^hich  come  the  earth's  coal,  metals, 
and  other  minerals. 

As  motion,  energy  changes  the  location,  size,  or 
shape  of  material  by  pushing,  pulling,  lifting,  rotating, 
twisting,  cutting,  stretching,  or  compressing.   It  enables 
man  to  transport  materials  from  where  they  are  found  to 
where  they  can  be  processed  and  then  to  where  the  processed 
products  are  needed.   It  enables  man  to  move  from  where  they 
are  to  where  they  would  like  to  be.   Other  changes  are      ; 
brought  about  by  electrolysis  (such  as  the  refining  of  metals 
and  the  separation  of  elements);  by  electromagnetic  waves 
(such  as  the  transmission  of  light  and  sound  between  broad- 
casting stations  and  radio  or  television  sets);  and  by  sound 
itself. 

In  general,  it  may  be  stated  that  very    few  of  the 
economic  goods  used  by  man  are  found  in  their  raw  state  in 
nature.   Rather,  they  are  the  result  of  the  transformation 
of  some  raw  materials  which  are  available  in  their  unpro- 
cessed state  from  nature.   As  stated  above,  conversion  of 
naturally  occurring  raw  materials  into  economic  goods  of 
the  type  desired  by  man  requires  performance  of  work  which, 
in  turn,  requires  degradation  of  energy  (the  second  law  of 
thermodynamics).   Therefore,  in  energy  systems  terminology, 
economic  goods  are  described  as  high  probability  natural 
resources  which  have  been  processed,  by  degrading  low 
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entropy  potential  energy  in  the  performance  of  work,  into 
low  probability,  highly  organized  forms  of  the  type  desired 
by  man.   Thus,  all  ecoriomic  goods  appear  to  be  outputs  of 
energy  conversion  processes.   This  leads  to  the  conclusion 
that  the  energy  equivalent  of  the  work  needed  to  produce  a 
particular  output  can  be  stated;  and  as  such,  energy 
equivalents  can  be  used  to  measure  each  of  the  heterogeneous 
outputs  (goods  and  services)  of  the  economic  system  in  terms 
of  a  common  measuring  unit.   Furthermore,  it  may  be  concluded 
that  energy,  in  the  form  of  goods  and  services,  flows  in  the 
opposite  direction  to  money,  which  serves  both  as  the  ex- 
change payment  mechanism  for  goods  and  services  and  also  as 
the  principal  common  denominator  for  expressing  all  output 
in  terms  of  a  single  measurement  unit. 


Energy  and  Economics 

Integrating  energy  systems  concepts  with  currently 
accepted  economic  price  theory  and  macro-economic  theory 
shows  that  economics  appears  to  be  fundamentally  concerned 
with  studying,  interpreting,  and  predicting  the  motivational 
behavioral  response  patterns  of  both  producer  units  and 
consumer  units  to  the  information  being  communicated  via 
the  currency-based  feedback,  reward  loops,  which  flow  in 
the  opposite  direction  to  energy  flows  (the  energy  flows 
taking  the  form  of  goods  and  services).   This  conclusion 
could  be  logically  supported  by  developing  energy  models 
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of  man's  economic  activities  and  then  comparing  these  models 
with  the  energy  models  developed  for  natural  systems  where 
no  feedback  loops  of  man's  currency  exist.   The  explanations 
and  illustrations  of  this  phase  of  analysis  imply  that  all 
systems  have  an  information-communication  component  in  the 
form  of  feedback  reward  loops.   These  feedback  loops  convey 
information  to  each  component  within  a  system  as  to  how  well 
that  component's  output  is  being  received  by  the  consumer 
components  within  the  system.   The  study  of  economics  shows 
that  in  man's  social  system,  the  feedback  information  loops 
are  the  currency  flows  between  entities.   The  economic  fact 
is  that  entities,  or  system  components,  which  do  not  provide 
output  useful  (where  "useful"  means  that  demand  is  either 
greater  than,  or  in  equilibrium  with,  supply)  to  other 
components  may  not  receive  as  much  for  their  output  as  must 
be  paid  for  the  inputs  needed  to  produce  that  output.   These 
components  can  either  continue  to  operate  at  a  loss  until 
they  utilize  all  the  resources  available  to  them,  at  which 
time  their  output  flow  ceases  and  the  firm  terminates,  or 
they  can  adapt  to  the  system  and  reallocate  their  resources 
to  produce  "useful"  output.   In  either  case,  analysis  of  the 
currency  loops,  in  accordance  with  economic  price  theory, 
provides  indications  of  a  given  component's  relative 
importance  to  the  other  components  within  the  social  system. 
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Account1ng--An  Information  Subsystem 

Accounting  functions  as  the  information  provider  to 
various  entities  operating  within  the  social  system.   In 
other  words,  the  accounting  component  of  the  information- 
communication  system  exists  in  order  to  make  available  to 
decision-makers  the  economic  information  communicated  by  way 
of  currency  feedback  loops.   Accounting  performs  this  func- 
tion at  the  level  of  a  single  accounting  entity  by  analyzing 
each  entity's  specific  feedback  loops  in  order  to  interpret, 
collect,  process,  summarize,  and  report  the  relevant  data 
concerning  both  the  results  of  economic  activity  for  a 
given  time  interval  and  the  economic  status  of  specific 
entities  at  a  given  instant  of  time.   Thus,  the  accounting 
component  of  man's  social  system  enables  the  individuals  who 
operate  the  energy  control  levels  to  continually  monitor  the 
currency  flow  feedback  loops.   By  proper  use  of  the  account- 
ing information,  decision-makers  can  control  the  behavior 
patterns  of  the  system  components,  which  they  have  the  power 
to  influence,  in  response  to  the  needs  of  other  components 
of  the  system,  where  these  needs  are  communicated  via  the 
currency  flows.   In  other  words,  within  the  limits  of 
particular  system  components  (for  example,  financial  or 
technological  limits),  energy  flows  may  be  reallocated  in 
order  to  produce  the  goods  and  services  in  great  demand 
rather  than  those  in  oversupply.   Thus,  a  particular  producer 
unit  is  not  necessarily  condemned  to  eventual  destruction  if 
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its  reward  loop  from  consumers  is  either  broken  or  inadequate 
relative  to  its  needs,  because  it  may  be  able  to  reallocate 
its  remaining  stored  resources  and  produce  an  output  which 
will  again  establish  the  necessary  reward  loop  from  other 
components  (i.e.  that  which  is  demanded  by  the  other  com- 
ponents) of  the  system.   Moreover,  accounting  information  is 
not  only  communicated  to  the  individuals  who  operate  the 
control  levers  for  directing  energy  flows,  but  also  to  other 
individuals  who  are  interested  in,  or  who  may  exert  control 
over,  the  control  operator's  responses  to  the  changing 
money  flow  data  (such  as  stockholders,  in  the  case  of  a 
corporation) . 

This  state  of  affairs  is  contrasted  to  that  observed 
in  natural  systems,  where  a  system  component  supplies  its 
outputs  to  consumer  components  and  is  rewarded  by  receiving 
the  recycled  inputs  needed  in  order  to  exist  and  produce 
more  output.   If  the  reward  feedback  loop  of  inputs  is  cut 
off  for  some  reason,  the  producing  component  continues  to 
provide  its  output  until  all  its  stored  input  resources  are 
exhausted,  then  it  drops  out  of  the  overall  system  through 
death.   This  evolutionary  process  is  referred  to  as  the 
natural  selector  and  it  operates  to  insure  that  all 
components  of  a  system  operate  in  a  manner  such  as  to 
guarantee  the  survival  of  the  overall  system. 
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Energetics  in  Economic  Analysis 

The  purpose  of  Chapter  III  of  this  inquiry  was  to 
describe  energy  systems  theory  and  draw  conclusions  with 
respect  to  the  validity  of  the  energy  systems  approach  in 
terms  of  economic  theory.   Basically,  it  was  concluded  that 
the  energy  systems  approach  in  no  way  conflicts  with  economic 
value  theory.   Rather,  the  energy  systems  approach  comple- 
ments economic  theory  as  it  adds  a  new  measuring  dimension 
for  economic  analysis  in  terms  of  the  overall  social  system. 
Once  it  is  established  that  energy  flows  are  related  to 
dollar  flows  and  that  all  economic  goods  can  be  measured  in 
terms  of  the  energy  equivalents  used  in  making  them  available, 
there  are  two  common  denominators  available  for  expressing 
heterogenerous  outputs  in  terms  of  a  common  measuring  unit. 
Furthermore,  an  average  price  per  unit  of  energy  can  be 
determined  by  dividing  the  dollars  received  for  any  output 
of  an  economic  input-output  node  by  the  energy  equivalents 
for  the  input  resources  utilized  in  making  the  output 
available.   This  relationship  makes  it  possible  to  compare 
energy  values  (i.e.  energy  equivalents)  with  money  prices. 
Thus,  energy  equivalents  may  be  used  to  measure  quantities 
and  dollar  flows  to  measure  value  (or  the  subjective  utility 
to  be  gained  by  owning  a  specified  output  as  given  the 
supply-demand  conditions  at  a  given  instant  in  time).   This 
relationship  provides  the  basic  framework  for  an  energy 
system's  ratio  of  exchange  measurement  model. 
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The  Energ  y_  _Sy  stem'  s_  Ratio  of 
Exchange  Measurement  Model 


Analysis  of  the  general  energy  systems  approach  in 
terms  of  economic  theory  provided  insight  into  the  behavior 
of  the  average  price  of  energy.   It  became  clear  that  the 
average  price  for  energy  changes  if  either  the  money  flow 
or  the  energy  flow  changes.   Money  flow  may  change  because 
of  a  number  of  things: 

1.  Changes  in  the  demand  or  supply  for  resource 
inputs  necessary  to  the  production  of  the  particular  good 
in  question  (this  will  change  the  production  cost  for  the 
good  which  must  eventually  be  reflected  in  the  price  of  the 
good  given  a  properly  functioning  market  economy); 

2.  Changes  in  the  supply  of  the  particular  good 
itself;  and 

3.  Changes  in  the  demand  for  the  particular  good 
in  question. 


In  addition  to  changes  in  consumer  utility  functions  over 
time,  changes  in  demand  may  occur  because  of  changes  in 
output  quality  (i.e.  changes  in  the  ability  of  a  given 
output  good  to  perform  the  functions  it  was  created  to 
perform).   Since  a  basic  expected  use  of  the  energy  systems 
ratio  of  exchange  model  is  to  enable  accountants  to  use 
current  market  prices  for  new  productive  resources  as  an 
indicator  of  current  values  for  older  styles  of  similar 
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productive  resources  and  since  the  older  styles  may  not  be  as 
efficient  as  the  newer  styles,  some  method  of  segregating 
that  portion  of  the  price  of  the  newer  styles  which  is  due 
to  the  change  in  quality  must  be  devised  in  order  to  be 
able  to  determine  accurate  estimates  of  the  current  price 
for  the  o-lder  styles  by  way  of  examination  of  market  prices 
for  the  newer  style.   The  energy  systems  model  uses  an  input 
transformation  efficiency  index  (IT  )  to  adjust  currently 
observed  market  prices  for  the  new  styles.   Such  adjusted 
prices  should  equal  the  current  market  price  for  a  newly 
constructed  resource  identical  in  style  to  the  older  one 
(this  index  is  described  in  Chapter  IV  and  its  implementa- 
tion illustrated  in  Chapter  V  of  this  inquiry). 

An  energy  flow  varies  because  of  changes  in  the 
social  system's  efficiency  in  transforming  resource  inputs 
into  final  goods  and  services.   Because  the  problem  being 
considered  by  this  inquiry  is  to  estimate  current  reproduc- 
tion cost,  a  method  must  be  developed  to  enable  measurers 
to  determine  the  most  recent  year's  productive  efficiency 
relative  to  the  productive  efficiency  of  prior  years.   Then 
all  energy  flows  are  restated  in  terms  of  the  most  recent 
year's  productive  efficiency.   The  index  of  productive 
efficiency  (P^)  was  designed  to  accomplish  this  objective. 
It  is  also  described  in  Chapter  IV  of  this  inquiry  and  its 
implementation  i 1 1 ustrated  i n  Chapter  V. 
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Based  upon  these  concepts,  the  energy  system's 
economic  price  model  for  estimating  replacement  (or  repro- 
duction) ratios  of  exchange  was  formulated.   The  model  may 
be  expressed  in  the  fonowing  form: 


Pjq, 


est 


The  procedures  for  implementing  this  model  are  illustrated 
in  Chapter  IV  and  the  modifications  by  way  of  both  P  and 
ITg  are  described  and  illustrated  in  Chapter  V  of  this 
i  n  q  u  i  ry . 


Evaluation  of  the  General  Energy  Systems 
Ratio  of  Exchange  Model 


The  general  energy  systems  price  model  was  evaluated 
in  Chapter  V  in  terms  of  the  three  preliminary  working  hypo- 
theses presented  and  developed  in  Chapter  I.   The  basic 
conclusions  of  this  evaluation  may  be  stated  as  follows: 

1.   The  general  energy  systems  model  is  internally 
consistent.   That  is,  application  procedures  may  be  devised 
which  enable  the  measurer  to  operate  in  all  economic  en- 
vironments without  any  logically  conflicting  results.   For 
instance,  the  energy  systems  approach  is  applicable  to 
situations  where  prices  change  because  of  either  changes 
in  productive  efficiency  or  input  transformation  efficiency 
as  well  as  to  situations  where  price  changes  are  due  to 
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all  other  supply-demand  interactions  which  tend  to  influence 
prices.   In  addition,  the  estimates  which  are  obtained  by 
applying  the  energy  systems  approach  are  logically  consis- 
tent with  economic  price  theory.   That  is,  productive 
resources  identical  in  all  respects  are  assigned  identical 
currency  values  which  is  what  an  economic  investigator  would 
expect.   Furthermore,  productive  resources  identical  in  all 
respects,  except  that  one  is  more  efficient  than  the  other, 
would  be  assigned  currency  values  which  would  vary  in  pro- 
portion to  their  differences  in  efficiency.   This  is  also 
what  would  be  expected  in  terms  of  economic  price  theory 
provided  that  market  prices  reflect  the  net  present  value 
of  future  benefits.   It  should  be  noted,  however,  that 
future  empirical  investigation  is  needed  to  confirm  the 
economic  assertion  that  the  difference  in  price  between 
two  resources  identical  in  all  respects,  except  that  one  is 
more  efficient  in  transforming  input  into  output  than  the 
other,  will  reflect  only  the  difference  in  efficiency. 

2.   The  energy  systems  approach  does  provide  pro- 
cedures for  identifying  and  segregating  that  portion  of  a 
price  change  for  a  specified  long-lived  productive  resource 
over  time  which  is  caused  by  either  changes  in  productive 
efficiency  or  changes  in  input  transformation  efficiency. 
However,  this  does  not  guarantee  the  "accuracy"  of  the 
estimate  for  the  current  reproduction  cost  of  the  resource. 
Accuracy  is  a  term  which  refers  to  a  reasonable  degree  of 
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empirical  correspondence  between  a  measure  of  an  object  and 
the  ideal  measure  of  that  object.   The  most  frequently  stated 
"ideal  measure"  for  a  long-lived  resource  is  the  net  present 
value  of  its  future  benefits.   Generally,  these  "net  benefits" 
are  wery    difficult  to  measure  precisely.   However,  in  a 
perfectly  competitive  market  the  discounted  present  value  of 
future  benefits  is  believed  to  be  equal  to  the  current  mar- 
ket price  (i.e.  the  market  price  represents  the  collective 
judgments  of  all  purchasers  of  a  particular  resource  con- 
cerning the  present  currency  worth  of  the  future  services). 
Therefore,  a  conclusion  that  the  energy  systems  approach 
provides  accurate  estimates  of  the  currency  value  of  long- 
lived  resources  is  warranted  only  if  the  estimated  ratio  of 
exchange  closely  approximates  the  actual  market  ratio  of 
exchange  in  an  arms-length  transaction.   This  empirical 
question  cannot  be  resolved  at  this  time  because  of  lack  of 
data. 

3.   Objective  in  this  inquiry  refers  to  a  reason- 
able degree  of  empirical  correspondence  between  the  esti- 
mates provided  by  different  measurers.   Accordingly,  whether 
the  energy  systems  approach  will  provide  objective  estimates 
of  current  replacement  cost  is  an  empirical  question  which 
cannot  be  resolved  at  this  time  due  to  the  data  limitations. 
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The  Duties  of  the  AICPA 

It  must  be  noted  that  the  operation  of  the  general 
energy  systems  measurement  model  is  strongly  dependent  upon 
the  cooperation  of  the  American  Institute  of  Certified 
Public  Accountants.   Because  of  the  nature  of  the  input 
data  necessary  to  the  operation  of  this  model,  it  is  felt 
that  data  collection  and  summarization  must  be  accomplished 
at  the  professional  level.   Accordingly,  it  is  necessary 
to  have  a  continuing  AICPA  Committee  whose  sole  function 
is  to  analyze  U.S.  economic  and  energy  data  in  order  to 
generate  the  appropriate  average  ratios  of  exchange  per 
thousand  BTU's  of  energy  equivalents  as  well  as  the 
indexes  of  productive  efficiency  and  relative  input  trans- 
formation efficiency. 

Final  Comments 


Although  it  may  appear  that  the  data  required  to 
implement  the  energy  systems  measurement  procedures  is 
virtually  impossible  to  obtain,  it  may  be  stated  that 
initial  investigation  has  shown  that  all  the  necessary 
data  is  available.   It  merely  must  be  restated  in  the 
proper  form  for  the  general  energy  model.   Once  the 
initial  collection  phase  is  complete  it  will  be  a  relatively 
easy  and  inexpensive  process  to  obtain  the  statistical 
input  data  from  national  statistics  currently  published 
annually. 


APPENDIX 

This  appendix  is  included  in  order  to  describe  the 
basic  concepts  of  this  paper  in  terms  of  energy  flow 
diagrams.   Figure  3  represents  an  energy  flow  diagram  of  a 
hypothetical  company,  XYZ,  for  the  year  1970.   During  1970, 
company  XYZ  purchased  some  capital  structure  (assume  the 
cost  was  $250,000  for  a  new  manufacturing  facility)  and 
utilized  it  with  other  purchased  inputs  (8)  to  produce 
output,  some  of  which  was  sold  (3).   The  money  flows  (4,  5, 
and  6)  represent  economic  feedback  loops  which  serve  to 
direct  energy  (i.e.  the  inputs  represented  by  7  and  8)  to 
its  most  "useful"  ends.   This  process  is  made  operational 
in  a  market  economy  because  firms  direct  energy  use  to 
that  use  that  produces  the  greatest  excess  of  money  inflow 
over  money  outflow  (i.e.  the  goods  in  shortest  supply 
relative  to  demand  will  be  produced).   Accounting  is  that 
subsystem  of  the  social  system,  responsible  for  communicat- 
ing the  information  content  of  money  flow  loops  to  the 
decision-makers  who  direct  energy  use.   Accountants  report 
the  results  obtained  by  matching  the  dollar  outflows  (4  and 
6)  against  the  dollar  inflows  (5)  as  part  of  this  communica- 
tion process.   However,  in  the  case  of  the  capital  structure 
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FIGURE  3 


LEGEND 


1.  The  capital  structure  owned  and  utilized  by  a 

producer  unit. 

2.  The  inventory  of  output  for  a  given  producer  unit. 

In  the  case  of  XYZ  this  would  represent  a  storage 
of  fabricated  metal  products. 

3.  The  outflow  of  fabricated  metal  products  as  they 

are  sold  to  cutomers. 

4.  The  dollar  payments  by  XYZ  company  necessary  to 

purchase  capital  structure. 

5.  The  dollar  inflow  resulting  from  the  sale  of 

fabricated  metal  products. 

6.  The  dollars  paid  by  XYZ  in  order  to  obtain  the 

inputs,  other  than  capital  structure,  necessary 
to  the  production  of  its  output. 

7.  An  inflow  representing  the  acquisition  of  capital 

structure. 

8.  Inputs  of  fossil  fuel,  labor  and  services,  raw 

materials,  and  manufactured  supplies  from  other 
compani  es. 
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input  (i.e.  long-lived  productive  resources)  a  probl 
arises. 


em 


The  Accounting  Problem 

In  our  example,  XYZ  company  acquires  capital  struc- 
ture for  $250,000  in  1970.   But  this  long-lived  input  is 
used  for  producing  output  for  many  future  periods.   There- 
fore, it  would  not  be  appropriate  to  match  the  $250,000 
outflow  necessary  to  purchase  the  capital  structure  against 
the  inflow  observed  during  1970.   Instead,  the  $250,000 
outflow  represents  a  cost  which  must  be  held  in  suspense 
and  allocated  to  future  accounting  periods,  duri ng  which  time 
the  capital  structure  is  used  for  producing  output.   One 
obvious  accounting  problem  is  how  to  make  this  cost  alloca- 
tion over  the  capital  structure's  useful  life.   This  problem 
is  not  considered  in  this  inquiry;  therefore,  assume  the 
useful  life  is  ten  years  and  the  resource  is  degraded  at  a 
constant  rate  over  that  period.   This  means  $25,000  of  the 
$250,000  outflow  will  be  assumed  to  flow  out  each  year. 
A  second  problem,  which  is  the  primary  topic  of 
interest  here,  occurs  because  prices  change  over  time. 
Consider  Figure  4,  which  is  identical  to  Figure  3  except 
that  it  depicts  ABC  company  in  1971.   Assume  the  manufac- 
turing facility  purchased  by  ABC  company  is  identical  in 
all  respects  to  that  purchased  by  XYZ  in  1970,  except  that 
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1.  The  capital  structure  owned  and  utilized  by  a 

producer  unit. 

2.  The  inventory  of  output  for  a  given  producer  unit. 

In  the  case  of  ABC  this  would  represent  a 
storage  of  fabricated  metal  products. 

3.  The  outflow  of  fabricated  metal  products  as  they 

are  sold  to  customers. 

4.  The  dollar  payments  by  ABC  company  necessary  to 

purchase  capital  structure. 

5.  The  dollar  inflow  resulting  from  the  sale  of 

fabricated  metal  products. 

6.  The  dollars  paid  by  ABC  in  order  to  obtain  the 

inputs,  other  than  capital  structure  to  the 
production  of  its  output. 

7.  An  inflow  representing  the  acquisition  of  capital 

structure. 

8.  Inputs  of  fossil  fuel,  labor  and  services,  raw 

materials,  and  manufactured  supplies  from  other 
compani  es. 
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1t  costs  $300,000  due  to  inflation.   This  means  during  any 
future  year,  such  as  1972,  ABC  company  will  match  $30,000 
against  revenue  representing  the  cost  of  services  purchased 
in  the  form  of  capital  structure,  but  these  services  are 
identical  to  those  purchased  by  XYZ  company  for  $25,000. 
When  this  situation  is  multiplied  thousands  of  times  and 
involves  a  decade  or  more  of  acquisitions,  a  serious  ques- 
tion is  raised  concerning  the  effectiveness  of  accountants 
in  communicating  the  information  content  of  money  flow  feed- 
back loops.   This  is  particularly  disturbing  when  it  is 
realized  that  erroneous  allocation  of  resources  may  result 
from  an  improper  interpretation  of  financial  statements. 


The  Energetic  Solution 

The  only  apparent  solution  to  this  problem  is  to 
adjust  the  dollar  cost  associated  with  capital  structure 
acquired  during  previous  accounting  periods  so  that  the 
associated  money  flow  in  any  future  period  reflects  the  most 
current  cost  of  acquiring  services  identical  to  those  being 
consumed  as  the  capital  structure  is  utilized.   In  other 
words,  the  money  flow  must  be  adjusted  so  as  to  accurately 
represent  the  current  price  of  the  energetic  contribution 
of  each  firm's  capital  structure  to  its  operations.   Only  if 
this  is  done  will  accountants  be  reporting  information  in 
such  a  manner  that  firms,  even  within  the  same  industry,  can 
be  compared. 


FIGURE  5 


LEGEND 


1.  The  capital  structure  owned  and  utilized  by  the 

producers  of  metal  working  machinery. 

2.  The  inventory  of  completed  metal  working  machinery 

which  is  the  output  of  the  sector. 

3.  The  dollar  storage  for  the  illustrated  sector.   It 

represents  the  currency  equivalents  of  all  the 
assets  owned, 

4.  The  flow  of  metal  working  machinery  as  it  is  sold 

to  the  costomers  such  as  XYZ  and  ABC. 

5.  The  inflow  of  dollars  earned  by  selling  metal 

working  machinery. 

6.  The  inflow  of  capital  structure  purchased  by  this 

sector. 

7.  The  outflow  of  dollars  to  purchase  the  capital 

structure. 

8.  The  inflow  of  necessary  labor  and  services. 

9.  The  inflow  of  necessary  raw  materials. 

10.  The  inflow  of  necessary  manufactured  supplies  from 

the  other  firms. 

11.  The  inflow  of  necessary  fossil  fuel. 

12.  The  outflow  of  dollars  to  pay  for  labor  and 

services,  raw  materials,  manufactured  supplies, 
and  fossil  fuel. 


191 


192 


This  paper  purposes  an  energy  systems  approach  for 
making  this  money  flow  adjustment.   It  is  believed  that  the 
energy  systems  methodology  will  overcome  some  of  the  more 
important  conceptual  objections  to  the  various  economic 
adjustment  methods  previously  proposed.   Figure  5  illustra- 
tes the  proposed  energy  systems  methodology.   In  this 
hypothetical  only  one  capital  structure  sector  is  con- 
sidered--the  producers  of  metal  working  machinery  sector. 
Obviously,  the  entire  capital  structure  producer  sector 
should  be  considered  in  measuring  any  complete  manufacturing 
facility  but  one  is  sufficient  to  illustrate  the  energetic 
concepts  involved.   Inflows  6,8,9.10  and  11  represent  the 
resource  inputs  necessary  to  produce  metal  working  machinery. 
Accordingly,  each  input  has  its  energetic  contribution. 
However,  for  reasons  to  be  explained  in  the  discussion  con- 
cerning Figure  6,  the  energy  equivalent  of  each  metal  work- 
ing machine  will  be  the  sum  of  heat  equivalent  of  the 
fossil  fuel  used  plus  the  fossil  fuel  heat  equivalent  of 
the  labor  and  services  used  in  producing  that  machine.   The 
energetic  contribution  of  the  raw  materials,  the  purchased 
manufactured  supplies,  and  the  capital  structure  will  be 
assumed  to  flow  out  the  heat  sinks.   The  measured  energy 
equivalent  for  each  machine  can  be  related  to  its  sales 
price  and  the  average  value  per  unit  of  energy  degraded 
in  producing  a  metal  working  machine  can  be  computed.   This 
"price"  per  unit  of  energy  can  be  used  to  adjust  the 
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undepreciated  energy  equivalents  of  metal  working  machinery 
acquired  in  earlier  time  periods  to  more  clearly  reflect  the 
current  dollar  cost. 


An  Illustration 

In  order  to  illustrate  the  application  of  this 
method  assume  $150,000  of  XYZ's  $250,000  capital  expendi- 
tures in  1970  was  for  metal  working  machinery.   Furthermore, 
assume  producers  of  metal  working  machinery  had  total  sales 

of  $800  million  in  1970  and  that  the  output  sold  required 

1  2 
53.34  X  10   BTU's  of  energy  to  produce  (i.e.  the  sum  of 

the  direct  fossil  fuel  degraded  plus  the  labor  and  services 
fossil  fuel  equivalent).   This  means  the  dollar  to  energy 
ratio  is  $.015  per  thousand  BTU's.   $150,000  .  $.015  per 
thousand  BTU's  means  XYZ  purchased  the  equivalent  of  10  x  10^ 
BTU's  of  energy.   This  means  each  year's  depreciation  is 
1.0  x  10   BTU's  in  energy  equivalents  and  multiplying  by 
the  current  year's  dollar  to  energy  ratio  for  the  producer's 
of  metal  working  machinery  will  give  the  appropriate 
money  flow. 

Assume  $180,000  of  ABC's  $300,000  of  capital 
expenditures  in  1971  was  for  metal  working  machinery. 
Assume  total  sales  of  metal  working  machinery  equalled 
$960  million  in  1971  and  that  quantity  of  output  also 
required  53.34  x  10^^  BTU's  of  inputs  to  produce.   The 
average  value  per  unit  of  energy  degraded  in  producing 
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metal  working  machinery  is  $.018  per  thousand  BTU's.   There- 
fore, ABC  company  also  purchased  10  x  10^  BTU's  in  the  form 
of  metal  working  machinery.   ABC's  annual  depreciation  will 

g 
also  be  1.0  x  10   BTU's;  thus,  the  money  flow  will  be  equal 

to  XYZ's  money  flow  which  is  proper  as  each  is  consuming 

identical  services  at  an  identical  rate.   Modifications  of 

these  procedures  are  illustrated  in  Chapter  V  to  handle 

varying  input  transformation  efficiency  as  well  as  varying 

productive  efficiency. 

The  Computation  of  Energy  Equivalents 

In  order  to  understand  the  proposed  methodology 
for  measuring  the  energy  equivalents  of  an  economic  good  it 
is  necessary  to  consider  the  U.S.  economy  as  a  system. 
Figure  6  illustrates  a  simplified  energy  flow  diagram  of 
the  U.S.  economy.   In  computing  an  energy  equivalent  measure 
for  an  economic  good,  it  is  necessary  to  distinguish  goods 
which  are  to  be  used  as  fuels  from  goods  which  are  not. 
For  instance,  the  output  from  the  fossil  fuel  sector  consists 
of  fuels  whereas  the  outputs  of  the  manufacturing  sector  are 
not.   In  general,  this  writer  feels  the  energy  equivalent 
of  a  fuel  should  be  equal  to  the  heat  equivalent  of  that 
fuel.   On  the  other  hand,  the  energy  equivalent  of  a  nonfuel 
good  should  be  the  sum  of  the  heat  equivalents  of  the  fuels 
consumed  in  producing  that  good  plus  the  heat  equivalent 
of  the  labor  services  utilized. 


FIGURE  6  -  LEGEND 


1.  The  stock  of  capital  structure  owned  and  utilized 

by  a  specified  sector. 

2.  The  stock  of  finished  output  from  a  sector. 

3.  The  flow  of  capital  structure  into  a  sector. 

4.  The  annual  flow  of  fossil  fuel  products. 

5.  The  annual  flow  of  food  products. 

6.  The  population  of  the  United  States. 

7.  The  annual  flow  representing  consumer  durables 

purchased  by  the  population. 

8.  The  annual  flow  of  consumer  nondurables,  other 

than  food,  purchased  by  the  population. 

9.  The  annual  flow  of  labor  and  services.   Measured 

in  energy  terms  by  the  heat  equivalent  of  the 
food  plus  the  fossil  fuel  consumed  directly  by 
the  labor  force. 

10.   The  annual  flow  of  goods  other  than  consumer  goods, 
fuels,  and  capital  structure. 
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The  heat  equivalent  of  the  labor  services  is  the  sum 
of  the  heat  equivalent  for  the  direct  fossil  fuel  consumption 
in  the  household  and  commercial  sector  plus  the  heat 
equivalent  of  the  food  consumed  in  that  same  sector.   In 
reality,  food  is  a  fuel  and  should  be  measured  by  the  fossil 
fuel  equivalent  of  its  caloric  value.   However,  this  amount 
is  insignificant  relative  to  the  fossil  fuel  energy  consumed 
by  the  agricultural  sector.   Therefore,  it  is  felt  a  more 
accurate  energy  equivalent  is  obtained  by  computing  the 
energy  equivalent  of  food  as  being  equal  to  the  sum  of  the 
heat  equivalent  of  the  fossil  fuel  used  in  the  agricultural 
sector  plus  the  heat  equivalent  of  the  solar  energy  input 
(stated  in  a  constant  fossil  fuel  quality). 

It  is  well  noted  that  this  method  of  computation 
does  not  sum  up  all  the  energy  degraded  in  the  production  of 
any  given  economic  good.   As  shown  in  Figure  6  there  are  in- 
puts other  than  labor  and  fossil  fuel  and  each  has  its  own 
energetic  contribution.   However,  as  also  shown  in  Figure  6 
each  sector  loops  back  to  another.   Therefore,  including 
all  energetic  contributions  leads  to  an  energy  model  in 
which  feedback  energy  is  counted  twice,  once  as  a  primary 
input  and  once  as  a  feedback.   Thus,  the  model  tends  to  be 
unstable.   It  is  felt  that  the  proposed  measurement  method 
adequately  depicts  the  energetic  contribution  of  direct  fuel 
use  to  the  production  of  any  economic  good  (including  the 
direct  fuels  needed  to  sustain  the  labor  system). 
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